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PREFACE 



This manual contains diagrams for use with System/360 Model 40 2040 Processing Unit, Field 
Engineering Maintenance Manual, Order No. SY22-2841, and also with the following manuals: 

System/360 Model 40 Comprehensive Introduction, Field Engineering Theory of Operation 
Manual, Order No. SY22-2840. 

System/360 Model 40 Functional Units, Field Engineering Manual of Instruction, Order No. SY22-2843. 

System/360 Model 40 Theory of Operation, Field Engineering Theory of Operation Manual, 
Order No. SY22-2844. 

System/360 Model 40 Power Supplies, Features, and Appendix, Field Engineering Manual of 
Instruction, Order No. S223-2845. 

Power Supplies, SLT, SLD, ASLT, MST, Field Engineering Theory of Operation Manual, Order 
No. SY22-2799. This manual may be used for maintenance or instruction purposes. It contains Data Flow 
Charts, Simplified Logic Diagrams (SLD), Condensed Logic Flow Charts (CLF), Malfunction Analysis 
Procedures (MAP), and 1401/1460 Emulator Flow Charts. 

The EC level of Control Automation System (CAS) Logic Diagrams referenced within this manual 
is 255263. ALD references are at EC level 254814 for all diagrams except the 1401/1460 emulator 
flow charts, which are at EC level 255264. The Mid-Pac power supply is at EC level 255055 and 
the 2. 5 kHz HF Power Supply is at EC level 266316. Subsequent engineering changes may alter the con- 
tents of this manual. 



Fifth Edition (January 1970) 

This manual, Order Number SY22-2842-3, is a reprint of Y22-2842-2 incorporating 

changes released in FE Supplement Y22-6809, November 28, 1969. 

Changes are continually made to the specifications herein; any such changes will be 
reported in subsequent revisions or FE Supplements. 

This manual has been prepared by the IBM Systems Development Division, Product 
Publications, Dept B96, PO Box 390, Poughkeepsie, N.Y. 12602. A form for 
readers 1 comments is provided at the back of this publication. If the form has been 
removed, comments may be sent to the above address. 



) Copyright International Business Machines Corporation 1966, 1970 
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FIGURE 510. MID-PAC POWER SUPPLY WIRING DIAGRAM (SHEET 1 OF 2) 
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Notes: 

1 . On HF power supply, Kl 1 goes to 
CPU TBI 1. 

2. For 50-Hz connections, see ALD 
pages YC500, YC501 , and YC502. 

3. Refer to Figures 510 and 511 for 
continuation of wall frame wiring. 

4. On HF power supply, TBI and TB2 
go to CPU TB10. 
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FIGURE 511. 2.5 kHz HF POWER SUPPLY WIRING DIAGRAM 
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FIGURE 512. MULTIPLEX CHANNEL CONTROLS 
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FIGURE 513. MAIN STORAGE X-DIMENSION DRIVE 



Flow charts are provided for most machine instructions as tools 
to assist in diagnosing errors. To be used effectively, their basic 
philosophy and intended purpose must be understood. 

Flow charts are a graphic representation of the complex sequence 
of loops or routines in CAS diagrams. Insignificant CAS blocks are 
not represented in the flow charts. In most cases, the notes in the 
decision blocks are taken directly from CAS diagrams for quick 
reference to actual CAS blocks. Flow charts guide the customer 
engineer to the correct CAS block and shorten diagnostic time. 

Each figure contains a flow chart, objectives, instruction and 
data formats, the condition of STATS, the contents of registers at 
reference points, and the CAS page numbers. When an instruction 
has more than one format, all possibilities are shown. DMC ver- 
sion 4 was used to determine the data on these flow charts. The 
top right chart gives the section and routine numbers for each flow 
chart. 

At several points (represented by circled numbers) in the flow 
chart, the current status of the input data is recorded for reference. 
These stop points can be duplicated with the use of Stop on ROS. 
The use of predetermined data aids in checking the machine oper- 
ation quickly. If a machine failure is data-sensitive, the data 
can be changed to cause a failure. 

Figure 618 is an example of how the flow charts and the DMC 
test procedure can be used to isolate a machine trouble. If a 
branch on condition failure that does not result in a hardstop oc- 
curs, Figure 618 may be used to locate the failure. First, load 
DMC and call in the test section and routine indicated in the chart 
(Section 120, Routine 10). When the DMC title prints on the con- 
sole printer, enter the console keyboard L120/C. 10/B/. This will 
read in and loop Section 120, Routine 10. 

The flow chart (Figure 618) has four check points (circled num- 
bers). These check points can be used by placing the proper ROS 
address in the data switches and the address compare switch to 
Stop on ROS. By comparing the actual data in the registers with 
the predetermined data, the failure can be isolated to a small 
section of CAS QE 031 . 

The flow charts are only a starting point; they do not replace 
the need for a thorough understanding of CAS symbols and dia- 
grams. These flow charts also provide standard data for effective 
communication when discussing machine problems with area 
specialists or plant personnel . 



FIGURE 599. HOW TO USE FLOW CHARTS 
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FULLWORD) FROM D2 



FORM AOORtSS OF OPND 2 
(LOW HALFWORD FOR RX 
FULLWORD) FROM CONTENTS 
OF B2 + D2 



FORM ADDRESS OF OPND 2 
(LOW HALFWORD FOR R X 
FULLWORD) FROM CONTENTS 
OF X2 + D2 



FORM ADDRESS OF OPND 2 

(LOW HALFWORD FOR RX 

FULLWORD) FROM CONTENTS 

OF B2 + CONTENTS OF X2+ D2 




3l) IOH08jJ [OJ00lJ (OMOGHJ 



RX FULLWORD 

999 § < 5 ^ Q § 

8 I | 1 S g g S § g g | § I 8 ; 
[QH011J jODOBil |OH01iJ |OH0lll IOH0li| lOHQJil Ioj09ll lOHiPl] 



(oooaij (oocwij [oHOJiJ |oH<aiJ IohouJ IohqiiJ Iqj24iJ loH10iJ 



FIGURE 602, 2ND LEVEL INSTRUCTION FETCH, RX FIXED POINT 



ENTRY DATA 

AO A1 



ADDR OF OPND 2 
HIGH HFWD 



BO BJ CO CI DO D1 

4.;-xt><t><:ix;x-i 



NO EXAA4PLE SHOWN. 



SKEW 



OP2 



4 I 7 
I 



YB 



OOCC 



00X0 



FUNC YCI YCD tZT 



IXtxJXM 



I OP Code I Rl I X2 » B2 » D2 1 

7 11 15 19 31 



OBJECTIVES 

FORM THE EFFECTIVE ADDRESS 

OF OPND 2 AND PERFORM 

A FUNCTION BRANCH ON THE 

LOW ORDER 4 BITS OF THE OP CODE 




UPDATE INSTRUCTION 
ADDRESS TO NEXT 
INSTRUCTION AND WRITE IN 
LOCAL STORE 47 




UPDATE INSTRUCTION 
ADDRESS TO NEXT 
INSTRUCTION AND WRITE IN 
LOCAL STORE 47 



READ 2ND HALF WORD 
OF INSTRUCTION 





NO 



/ INVALID \ I TRAP I 
UDDRESS ) ROUTIN 



YES 



B2=0 



NO 





NO 



FORM ADDRESS OF OPND 2 
FROM D2 



FORM ADDRESS OF OPND 2 
FROM CONTENTS OF 
B2 + D2 




YES^ ^V^NO 



FORM ADDRESS OF OPND 2 
FROM CONTENTS OF 
X2 + D2 



SHORT 



NO 




TRAP 
I ROUTINE I 





I TRAP I / INVALID \ 

[routine] USdress) 



FORM ADDRESS Of OPND 2 

FROM CONTENTS OF 
B2 + CONTENTS OF X2 + D2 



LONG 



YES 



YES 




NO 



(00071] 



O 

| 

(QD07JJ 





ROUTINE 



(OK00JJ 



|OO07i| |OD07i) |OD07i| |OD07i| 



(OJ12JJ 



(QK03JJ 



J12l] |OK03lJ 



FIGURE 603. 2ND LEVEL INSTRUCTION FETCH, RX FLOATING POINT (QD051) 



ENTRY DATA 

AO A1 



INSN ADDER 



BO Bl 



OP2 



!SI 



CO CI 



INSN ADDR PLUS 2 



DO PI 

OP1 ^^j Rl | R3 



T I IMMEDIATE A 

V ^ DATA IF SI J 



NO EXAMPLE SHOWN. 



SKEW 



^ 



YA YB FUNC YCI YCD IZT 



4 I 7 



\X\ - IXM^W 



RS 








1 OP Code I 


Rl 1 R3 1 B2 1 


D2 


1 


7 
SI 


11 15 19 




31 


1 OP Code 1 


12 | Bl | 


Dl 


1 



15 19 



OBJECTIVE 

TO READ 2ND HFWD OF 
INSTRUCTION FROM MAIN 
STORE AND PERFORM A 
FUNCTION. BRANCH ON 
THE LOW ORDER 4 BITS 
OF THE OP CODE 



SI 



1ST LEVEL 

INSTRUCTION 

FETCH 

OD001 




INCREMENT INSTRUCTION 
ADDRESS TO NEXT 
INSTRUCTION 
SET Y6«0 



SI 6 B1 = 



READ 2ND HALF WORD OF 
INSTRUCTION 



WRITE NEXT INSTRUCTION 
ADDRESS IN LOCAL 
STORE (47) 




YES 



REWRITE 2ND HALFWORD 
OF INSTRUCTION. 
FETCH CONTENTS OF 
B2(RS) OR Bl (Si) 



00 






01 
SI AND Bl^O 












FORM OPND 1 ADDRESS 
FROM Dl 




FORM OPND 1 ADDRESS 
FROM CONTENTS Bl PLUS Dl 




RS 



1ST LEVEL 

INSTRUCTION 

FETCH 

OD001 




INCREMENT INSTRUCTION 
ADDRESS TO NEXT 
INSTRUCTION 
SET Y6»i 




TRAP 
I ROUTINE 











RS 6B2=0 






11 

RS AND B2;0 


10 














FORM OPND 2 ADDRESS 
FROM CONTENTS B2 PLUS D2 




FORM OPND 2 ADDRESS 
FROM D2 



UJ 


3 


a 

UJ 

Z 




UJ 

ec 

< 






D 


te 


S I 


o 

z 


Q. 

z 
o 


eC 


eC 
O 


Z 


i- 


z ± 


< 


u 


O 


X 


|qh 


•jsK 


■xwA 


|oP00l| 


|OP00l| 



|OP00lJ |OD08l| |QP00lJ JQP00lJ 




HQD0Bl| tap08lj |OBl0l) bB10lJ |QC02i) |c*02jjHOC15lJ |OE04l) 



JQH041J (OO081J (QB101J |QB10jJ JQD0Bl| |OS10l| JOCISJJ |OE04JJ 



(OL00l| (OL00JJ EL00IJ El001J 



FIGURE 604 % 2ND LEVEL INSTRUCTION FETCH, RS AND SI OPERATIONS (QD031) 



ENTRY DATA 

AO Al 



NO EXAMPLE SHOWN. 



ADDR OF 1ST HFWD 
OF INSN 



BO 



|OP2 



CO 



CI 



DO 



Dl 



ADDR OF 2ND HFWD 
OF INSN 



OP1 



OP2I LI 
I 



SKEW 



YA 



FUNC YCI YCD IZT 



OP1 



OOCC 



0000 



I^MxM 



| OP Code | LI | L2 | Bl"T 



11 15 



m 



D2 



1st HFWD 



2nd HFWD 



47 



3rd HFWD 



OBJECTIVES 

TO FORM THE EFFECTIVE ADDRESS 
OP OPND 1 AND OPND 2, AND PERFORM 
A FUNCTION BRANCH ON THE LOW ORDER 
4 BITS OF THE OP CODE 




UPDATE INSTRUCTION 

ADDRESS TO NEXT 

INSTRUCTION AND 

WRITE IN LOCAL 

STORE 4 7 



READ 2»»HFWD 
OF INSTRUCTION 



FETCH CONTENTS 
OF Bl 







NO 


x> 


YES 












1 


1 






< 








READ 3»HFWD 
OF INSTRUCTION 




READ 3*> HFWD 
OF INSTRUCTION 
















ODiOl 




1 


i 








i 


1 


ODiil 




FORM ADDRESS 

OF OPND 1 HIGH 

HFWD FROM 

CONTENTS OF 

Bl PLUS Dl 




FORM ADDRESS 

OF OPND 1 FROM 

HIGH HFWD 

FROM Dl 


























' 


» 














FETCH CONTENTS 
OF B2 








YES 



FORM ADDRESS 

OF OPND 2 HIGH 

HFWD FROM 

CONTENTS OF 

B2 PLUS D2 



FORM ADDRESS 

OF OPND 2 HIGH 

HFWD FROM 

D 2 



READ OPND 2 
HIGH HFWD 




FIGURE 605. 2ND LEVEL INSTRUCTION FETCH, SS LOGICAL 



ENTRY DATA 

AO Al 



NO EXAMPLE SHOWN. 



f ADDR OF 1ST HFWD 
1 Pf INSN 



BO I 



CO CI 

ADDR OF 2ND 
HFWD OF INSN 



DO 



OP1 



Dl 



OP2l LI 



SKEW 



OP1 



YA 



OOCC 



0000 



FUNC YCI YCD IZT 



IXMX1XI 



SS 



1 OPCod* 1 LI I L2 | Bl I Dl 1 B2 I 

Z 7 if is i» 5T— 3T 



1st HFWD 



2nd HFWD 



D2 

3rd HFWD 



1 



OBJECTIVES 

TO FORM THE EFFECTIVE ADDRESS 
OF OPND 1 AND OPND 2, AND PERFORM 
A FUNCTION BRANCH ON THE LOW ORDER 
4 BITS OF THE OP CODE. 




UPDATE INSTRUCTION 

ADDRESS TO NEXT 

INSTRUCTION AND 

WRITE INTO LOCAL 

STORAGE 4 7 



READ 2** HFWD 
OF INSTRUCTION 



NO 




B1=0 



YES 



FETCH CONTENTS 
OF Bi 



READ 3 ,0 HFWD 
OF INSTRUCTION 



QDJ2U 

"QDiil 



READ 3"° HFWD 
OF INSTRUCTION 



FORM ADDRESS 

OF OPND i LOW 

HFWD FROM 

Dl PLUS LI 



FORM ADDRESS 

OF OPND 1 LOW 

HFWD FROM 

CONTENTS OF 
Bl PLUS Dl PLUS LI 



FETCH CONTENTS 
OF B2 



NO 




B2=0 



YES 



FORM ADDRESS 

OF OPND 2 LOW 

HFWD FROM 

CONTENTS OF 
B2 PLUS D2 PLUS L2 



FORM ADDRESS 

OF OPND 2 LOW 

HFWD FROM 

D2 PLUS L2 




V V V 



OD131 



V V V V 



FIGURE *06 2ND LEVEL INSTRUCTION FETCH, SS DECIMAL 



FIRST LEVEL OP DECODE (OD00l) 
XJ A0 Al B0 

IT H F WD OF INSTR. ADDR J OP 2 



2" LEVEL OP DECODE 

X0 RR SEQUENCING (OD001) 



Bi C0 CI D0 Dl SKEW H REG J REG 

3FHFWD OF INSTR ADDR+2H' T HFWD OF INSTRUCHONl OP1 I 4 7 I 4 4 [ 



I DO 
YCD IZT 



FUNCTION REG YA YB YCI 

<^]00CR|000gD><l D^l 



EXECUTE 
140CRJ1000 Cx3 d Cx3 



I 



"> — c 




IS 



I 



^OPl OP2 ; Rl 



R2 



Xi RR FIXED POINT (OD001) 



3 Rl i R2 I 



japcR|fzyyc>0CXj p | p 



OPND 2 LOW HFWD jOPl OP2 1 Rl R2 I OP2 IlllXXXXjan 

L-R2-J 
X2, X3 RR FLOATING POINT (LONG AND SHORT PRECISION) (OD061) 

JOP2 j R2 9 1 OPND 2 HIGH HFWD jOPl OP2 1 Rl R2 I R2 11100 XX01C 



_/^HORThT\ 
r yCONG'1 J 



XOR |g>0CR|00X0CXl 1 0" 



-R2- 



X4< 



X4 XS RX HALF AND FULL WORD (OD021) 



/normal**) 

\EXECUTE«1 

.OW BIT OF OPND 2/ 



r L( 

£>jl 
'111 



MAIN STORE READ JUST GIVEN 



X5 X000 




X6,X7 RX FLOATINGPOINT (LONG AND SHORT PRECISION) (QD051) 
| Al>»R6E6PNDmHHFWI>| Rl 

(SPECIFICATION CHECKED>OW BIT OFR1 CHECKED MAIN STORE READ JUST GIVEN 
BUT NOT HIGH BIT 

X8 RS BRANCHES AND SHIFTS AND SI CONTROL (OD031) 



SHORT-0 
LONG'l 



[APPRO? OPND* HtiH HFWPJ 
APDROFoWdIHIChhEWd 



10 RT" 

— IT— 



OP} ft! { 0" 
** £<\ 



515? 



B HFWD OF INSTRUCTION 



OP 2 



CzJl 



ink yxk"0 



met 



"{! 



NORMAL«0 
EXECUTED 



m& 



mtmrn 



9 HFWD OF INSTRUCTION 



OP2 



00CR 



X010 



l-AX NOT YET FORMED.IT 
IS OBTAINED FROM a 4 YCD 

X9 SI LOGICAL AND R.S. LOAD AND STORE MULTIPLE (QD03Q 



I^L 



/normals 

\EXECUTE»1 

r Plow bit of 

* 1 lOPND 2 ADDR 



RS 



AMR OF OPND 2 HIGH HFWD 



SI ADDR OF OPND 1 HIGH HFWD 



Rl R3 



"12" 



OP2 Rl j 
OP2 Xi Pi 



2 W0 HFWD OF F4STRUCTION 



2 W0 HFWD OF fJSTRUCTION 



OP2 



_OP2_ 



XD SS LOGICAL (ODlll) 
|ADDR6f6PND2HI<!XHFWD| 



lADDftOPOPNDlHlCHHFWDC: 



3 OP2 1 TT 






LOWBJTOFOPNDIADDR 
LOW BTOF OPND 2 ADDR 



(IF TRANSLATE OR TRANSLATE AND TEST GIVE A CARRY 
INTO THE EXTENDED BYTE OF OPND 2 ADDRESS, THE 
CORRECT VALUE OF THE EXTENDED BYTE IS 
OBTAINED FROM a + YCD) 



(MAIN STORE READ JUST GIVEN) 



(LOCAL STORE (41) IS READ OUT) 



OR I00CRI00XXI CXXXJ 



XF SS DECIMAL (ODlll) 
I OPND 2 ADDRESS ♦ L2 |OP2 & : L2 



1 OPND1 ADDRESS ♦ LI C 



J OP2 1 4 2 I 4 1 SUP 100CRI0000I LXLXI 



LOCAL STORE (40) CONTAINS L2 00 LI 
LOCAL STORE (41) CONTAINS OPND 1 ADDR* Li 



FIGURE 607 MACHINE STATUS AT 1ST AND 2ND LEVEL FUNCTION BRANCHES 



ENTRY DATA - Mt 
AO A1 



CO Cj DO Dl 



ENTRY DATA - RX 
AO A1 



]oPl|oP2l R1 | R2 | 



BRANCH AND LINK BALR 01, 02 DMC SECTION 121, ROUTINE 11 



YA YB FUNC YCI YCD IZT 



oocc I xooo IXJXI o IX 




REG 1 
4F006262 
4F006262 
4F006262 



REG 2 
00006268 
00006268 
00006268 



A REG 
6260 
6268 
6268 



BREG 
5060 
2000 
4000 



C REG D REG 

6262 0512 

6262 0512 

6262 4F00 



NORMAL = 
EXECUTE = 1 



LOW HFWD 



BO B1 CO CJ DO Dl 

4.rx-i4.,!-^ixr!xi 



SKEW 



RR 



I OP Code I Rl TrTI 

7 11 15 



I 2 



YB FUNC YCI YCD IZT 



OOCC 



X0X1 



NORMAL = If A! EVEN =0 
EXECUTE = 1 Al ODD = 1 



"» 1X1 Q 1X1 



RX 



I OP Code I Rl I X2 I B2 



D2 



7 11 15 19 



OBJECTIVE 

THE RICHTMOST 32 BITS OF THE PSW 
ARE STORED IN THE REGISTER 
SPECIFIED BY Ri 

THE BRANCH ADDRESS IS FORMED 
TO REPLACE THE INSTRUCTION ADDRESS 

IN THE RR FORMAT IF R2 = 
THIS INDICATES* NO BRANCH 

OP CODE 

05-RR 

45 -RX HALF 



RR ENTRY 




RX ENTRY 

FROM I 
t FETCH 



-© 



READ INSN CT. 
FROM LS 
SET Y5=0 



LEAVE INSN 
CT. IN A REG. 




■O 



WRITE INSN CT 
INTO LO HFWDOF 
Ri SET ILC FOR 
HFWD INSN 




FORM BRANCH 
ADDRESS FROM 
REG SPECIFIED 
BY R2 




c 



TARGET OF AN^ 
EXECUTE INSN > 



FORM BRANCH 
ADDRESS 



WRITE INSN CT 

INTO LO HFWD Rl REG 

SET ILC FOR 

2 HFWD INSN LENGTH 



FORM MASK 
PORTION OF PSW 
AND WRITE INTO 
HI HFWD OF Ri 



-® 




FIGURE 608, BRANCH AND LINK 



ENTRY DATA 

AO Al 



NO EXAMPLE SHOWN. 



INSN ADDR 



BO B1 



CO CI 



INSN ADDR PLUS 2 



OP1 



DO Dl 

T 



OP2I R1 I R2 



SKEW 




H 






J 




YA 


YB 


FUNC 


YCI YCD IZT 


0000 


4 


1 


7 


4 


1 

1 

J- 


4 


OOCC 


XOOO 


1 hi 



RR 

I OP Code 1 Rl I R2 1 
7 11 15 



INSERT KEY = 1 
SET KEY = 



OBJECTIVES. 

SET STORE KEY 

THE KEY OF THE STORAGE BLOCK 

ADDRESSED BY THE REGISTER 

DESIGNATED BY R2 IS SET ACCORDING 

TO THE REGISTER DESIGNATED BY Rl 

NSERT STORAGE KEY 

THE KEY OF THE STORAGE BLOCK 

ADDRESSED BY THE REGISTER 

DESIGNATED BY R2 IS INSERTED IN 

THE REGISTER DESIGNATED BY Rl 



bsjHj! 



2ND LEVEL" 
INSTRUCTION 
FETCH 



D 



FETCH PSW 

I 



| REWRITE PSW | 


" 


FETCH OPND 2 
HIGH HFWD 



NO 



[REWRITE OPND 2 HIGH HFWd| 





c 



MAIN STORE CYCLE IS IN OPERA1 
AT THIS TIME TO PREVENT 
INTERRUPTION BY THE I/O WHILE 
THE PS W IS IN THE READ OUT ST/ 



FETCH OPND 2 LOW HFWD 
NIO MAIN STORE ADDR 
REG COMPLETE EXTENDED 
BYTE FROM OPND 2 
HIGH HfWD ALREADY 
COMPLETE 



SAVE PROTECTION KEY 
FROM ST REGISTER. 
REWRITE OPND 2 
HIGH HFWD TRAP W ISA 




INSERT 



/SpeI 



[CIFICATION 
ERROR 



REWRITE OPND 1 
AND MAIN STORE 





SAVE STORAGE KEY 
FROM ST REGISTER 
REWRITE OPND 2 
HIGH HFWD TRAP IF ISA 



FETCH OPND 1 
REWRITE MAM STORAGE 




INSERT STORAGE KEY 
INTO OPND 1 
FETCH ADDR OF NEXT 
INSTRUCTION 



RESTORE PROTECTION 
KEY TO ST REGISTER 
FETCH ADDR OF NEXT 
INSTRUCTION 



_OC041_ 
OM041~ 



REWRITE OPND 1 



W 



/ SPECIFICATION^ 
• I ERROR J 



| REWRITE OPND 1 | 




FIGURE JOT.SET AND RMSERT STORAGE KEY 



ENTRY DATA 
AO 



Al 



BO 



CO 



CI 



DO 



Dl 



ADDR OF OPND 2 I I J^x^H op2 I R1 P^x^l OPND 2 

LQWHFWD I RI I ° L^^ UP2 K ' 1^*^! LOWHFWD 



CONVERT TO BINARY CVB DMC SECTION 167, ROUTINE 05 



SKEW 



FUNC YCI YCD IZT 



\X\-X\ - IXfc3^ 



RX 



I OP Code I Rl I X2 I bTT 



D2 



19 

OBJECTIVE 

TO CONVERT 15 DECIMAL DIGITS 
PLUS SIGN TO BINARY AND STORE 
THEM IN A GENERAL REGISTER 




® 



8 

® 



ROS 
31F 



2AF 
2A0 



REG 5 REG 6 

000068C4 000068C0 

MAIN STORAGE 68C4 = 00000000000 1408C 

MAIN STORAGE 68C0 = 0000000000000580 

FFA42580 

FFA42580 

MAIN STORAGE 6AF8 = 00000000000 1408C 

bbbb0580 



A REG 
6AF8 



2040 
0000 



BREG 
2000 



2001 
2000 



CREG 
0000 



0000 
0000 



D REG 
0000 



0000 
0000 



62C8 2000 0000 0580 



SET UP LOCAL 
STOR ADDR TO 
STOR DIGITS 
7 



NO 



WRITE OPNDS 
BACKTOMAINSTOR 



r OPND 2 NOT ON 
^DOUBLE WORD BOUNDAI 



PROG 
TRAP 



PLUS 



SET Y7 = 



FIRST TWO DIGITS 
OF HFWD 
TOLOCAL SJOR _ 

READ NEXT HFWD 
FROMJ4AJN_SJOR 

SECOND TWO 
DIGITS OF HFWD 
TO LOCAL STOR 



ALU/0 




/THISLOOPIS REPEATEDX 
/ UNTILL ALL 16 DIGITS ARE\ 
JLOCAL STOR LOCATIONS I 
107-»00 I 

V TWO DIGITS PER LOCAL / 
\ STOR WORD / 



/the test for \ 
/zeroisstoppedX 
{at the next to 

V LAST BYTE / 



SEPARATE DIGITS 
OF MOST 
SIGNIFICANT BYTE 
SET Y0=1 
PLACE LEFT DIGIT 
OF Bl IN SKEW REG 



Y0 = ADD LEFT DIGIT NEXT 
Y0 = 1 ADD RIGHT DIGIT NEXT 
Yi= 32 BIT OFLO 
Y7 = SIGN 



YES 



SET LEFT DIGIT 
INTO SKEW REG 
A REG = DREG 




SET A RFG -0 



ADD RIGHT DIGIT 
TO PARTIAL SUM 
(IN REG D) 
SET Y0=1* 




LEFT 



ADDLEF1 DIGIT 
TOPARTIAI ',UM 
(IN RfG.D) 
SFT Y0-0 



01 



00 



YCD 




L4^tt 1C 


7i 




11 
















SET A REG =0 
TO INDICATE 
LAST DIGIT 








I 














PROPAGATE 
CARRIES 



01 °* NO CARRY NOT LAST DIGIT 
00= LAST DIGIT NO CARRY 

10 = CARRY LAST DIGIT 

11 = CARRY NOT LAST DIGIT 





QM02I 
OM04i' OM031 



MULTIPLY PARTIAL 
SUM X10 



COMPLEMENT 
RESULT IF NEC 



Ash partial sum (X2)\ 
/rsh partial sum (-^2) \ 
1skewrsh value to give) 
\x8 result add to lsh/ 
\value to give xio / 



FETCH NEXT 
DIGIT FROM 
LOCAL STORAGE 



READ 1ST TWO 
BYTES TO RESULT 
REG SPECIFIED 
BY Rl 



YES 





SET Yl = l 



PREPARE FOR NEXT 

I FETCH READ FINAL 

TWO BYTES TO REG 

SPECIFIED BY Rl 

RESET Y1=0 _ 



P°~1 

|i fetch! 



LOOP PERFORMED FOR EACH DIGIT 
UNTIL ALL DIGITS HAVE BEEN CONVERTED 



STAT SETTING FOR PROGRAM LOOP 


[(PARTIAL SUM + NEXT DIGIT) X10] 


PASS 


Y4 


Y5 


Y6 


H 


1 











15 


2 





1 





15 


3 


1 


1 





15 


4 


1 








15 


5 


1 





1 


14 


6 


1 





1 


13 


7 


1 





1 


12 


LATER 


1 





1 


12 



FIGURE 610 CONVERT DECIMAL TO BINARY 



ENTRY DATA 



AO Al 10 B1 CO CI DO PI 

l^>H=dl"T-l«l«l SSL, M^TR 



SKEW 



LOAD POSITIVE REGISTER DMC SECTION 16D, ROUTINE 01, STOP ON MS 6100 
ROS GPREG2 A REG B REG C REG DREG 

381 00000001 6100 2020 0001 1022 

3BB OOOObbbb 61FF 0000 0001 0022 

1E8 bbbbOOOl 3FFFF 0000 0001 0022 




YA 



YB 



FUNC YCI YCD I2T 



«« 1 - L Xl XKia 



CONTINUED ON FLOW CHART NUMBER 615 










1C9 00000001 


6101 


7030 


0000 


0000 


1EE 00000001 


6106 


0000 


0001 


0022 



OBJECTIVES 

TO PERFORM THE RR FIXED POINT 
SIGN OPS, LOAD AND TEST, LOAD 
COMPLEMENT, LOAD POSITIVE, LOAD 
NEGATIVE. (FOR DESCRIPTION OF 
OBJECTIVES OF EACH INSTRUCTION 
SEE PRINCIPLES OF OPERATION 
MANUAL) 



LOAD AND TEST 



LOAD COMPLEMENT 




T MH iND LIVEL N 

NSN FETCH J 
LOAD POSITIVE 




LOAD NEGATIVE 



PASS OPND 2 BYTE 3 
FOR LATER IZT TEST. 
FETCH OPND 2 
HIGH HFWD 



COMPLEMENT OPND 2 
BYTE 3 INTO Al 
FETCH OPND 2 
HIGH HFWD 



PASS OP CODE 2 
FROM SKEW BOX 
TO SEPARATE LD 
AND TEST AND LD 
AND COMPLEMENT 
REWRITE OPND 2 
HIGH HFWD 



COMPLEMENT OPND 2 
BYTE 3 INTO Al IN 
CASE SIGN IS 
FETCH OPND 2 
HIGH HFWD 



SET YCD -SIGN 
OF OPND 2 
REWRITE OPND 2 
HIGH HFWD 



COMPLEMENT OPND 2 
BYTE 3 INTO Al IN 
CASE SIGN IS POSITIVE 
FETCH OPND 2 
HIGH HFWD 



SET YCD -INVERSE 
OF SIGN OF OPND 2 
REWRITE OPND 2 
HIGH HFWD 



CLEAR OPND1 
LOW HFWD 



COMPLEMENT OPND 2 
BYTE 2 INTO A0 
CLEAR OPND 1 
HIGH HFWD PRESET 
COND REG TO 01 



tOADCOMPLEMI 
LD* AND OPND 2 

IS MINUS 
LD- AND OPND 2 

IS PLUS 




COMPLEMENT 





LD PLUS TEST SIGN 
OF OPND 2 
LD MINUS TEST INVERSE 
OF SIGN Of OPND 2 






TEST 



£ 



COMPLEMENT OPND 2 
BYTE 1 WRITE RESULT 
LOW HFWD 



LOAD AND TESTES, 
LD4 AND OPND 2 

S PLUS 
LD- AND OPND 2 
S MINUS > 



PASS OPND 2 BYTE 1 
FOR LATER IZT TEST. 
WRITE OPND 2 LOW 
(UNCOMPLEMENTED) 
AS RESULT LOW 



CESS BYTE <t> FETCH NSTR 
COUNT TEST SIGN FOR RESULT 

TEST FOR ZERO RESULT 

TEST FOR FIXED POINT OF LO'S 

WRITE RESULT HIGH HFWD 




FIGURE 611 FIXED POINT SIGN OPERATIONS (QH071) 



ENTRY DATA - RR 
AO AI 



ADDR OF OPND 2 
LOW HFWD 



BO BJ CO CI DO 



OP2| Rl 



Dl 



R2 



BRANCH ON COUNT BCT 02, 05 DMC SECTION 122, 

ROS REG 2 REG 4 REG 5 

38C 00000002 00000001 00006542 

S3E8 OOQObbbb 00000001 00006542 

3C9 bbbbOOOO 00000001 00006542 



ROUTINE 25 

A REG B REG C REG D REG 

6546 6040 6548 0625 

6542 6002 6500 0625 

6542 0000 6500 0000 



SKEW 



YA 



YB 



FUNC YCI YCD IZT 



KXM • M 



0000 



oocc 



xooo 



NORMAL = 
EXECUTE = 1 ' 



ENTRY DATA - RX 
A0 AI 


BO B1 CO CI DO 


Dl 


OPND 2 ADDR 


1 R1 ° Od OP2 R1 iX 





SKEW 



OP2 



YA 



YB 



OOCC 



XOXO 



FUNC YCI YCD IZT 



ADD 



RR 



| OP Cod« | Rl LS2J 



RX 



NORMAL = J ♦ AIEVEN=0 
EXECUTE = 1 A I ODD 



I OP Code I Rl I X2 I B2 I 



_D2 



11 15 



19 



OBJECTIVE 

THE CONTENTS OF REGISTER Rl 

ARE ALGEBRAICALLY REDUCED BY ONE. 

IF RESULT JS ZERO, NORMAL INSTRUCTION 

SEQUENCING TAKES PLACE. 

IF NOT ZERO INSTRUCTION ADDRESS 

IS REPLACED BY BRANCH ADDRESS 



READ INSN ADDR 
FROM LOCAL STOR 



READ OUT LOW 
HFWD OF OPND1 
FROM LOCAL STORE 
(RFG Rl) 




BCT 
RX 



FORM BRANCH 
ADDRESS IN H REG 
READ LO HFWD 
OPND 1 FROM 
LOCAL STORE 



d> 



CLEAR INSN ADDR 
IN LOCAL STORE 
PROCESS CARRY 
THRU BYTE 2 



REWRITE OPND 1 TO 
LOCAL STOR 




SUBTRACT 1 FROM 

BYTE 3 OF OPND 1 

LOW HFWD. 

READ OUT HI HFWD 

OPND 1 FROM LOCAL 

STOR 




YB 



OR BYTES I AND 2 

OF 

OPND i TOGETHER 



PROCESS CARRY 
Of J BYTES 1 AND 
BYTES O REWRITE 
OPND 1 TO LOCAL 
STOR 




CLEAR INSN 
ADDRESS IN 
LOCAL STORAGE 
CO 



TEST BYTE 
OF OPND 1= 




UPDATE INSN 
ADDRESS FETCH 
NEXT INSN FROM 
BRANCH ADDRESS 



FETCH NEXT INSN 
USING ADDRESS 
IN INSN ADDRESS 
LOCATION (IC) IN 
LOCAL STOR 




QE021 
OE031 



I FETCH 




TO 




TO 


ENTRY 




TRAP 




INTERRUPT 


4 




ROUTINE 




L SCAN J 



FIGURE 612. BRANCH ON COUNT (QE011, QE021, QE013) 




CONVERT TO DECIMAL CVD 
ROS REG 

§31D FFA42580 

2CD FFA42580 

2FE FFA42580 



DMC SECTION 167, ROUTINE 12 
REG 8 A REG B REG C REG DREG 

00000010 6AF8 4000 0000 0000 

00000010 6AFD 4000 1000 0010 

00000010 6AFE 4000 0000 016C 



YA YB FUNC YCI YCD IZT 



OP2 



I OP Code I R1 I X2 I B2 I 



15 19 



OBJECTIVES 

TO CONVERT A 31 BIT BINARY 

WORD PLUS SIGN TO 15 4 BIT DECIMAL 

DIGITS PLUS 4 BIT SIGN 



NO 




trotf ♦ SIGN 

M SKEW REG 
KAD 10W ORDER 

r FROM IOCAL 
STORE 

SET HRfG*3 




(01 IS IMPOSSIBLE^ 
. CONDITION J 



®- 



LOAD J REG WITH 
IS aCAR LOCAL 

STORE O-IS 
STORE OPND 2 
ADDR IN LOCAL 

STORE POSITION IS 
PLACE CONTENTS 
OF C0 K4TO A0 



ENTRY \ 
TO LOOP 2 J 



BR4ARY ADD THE 

FIRST HIGH ORDER 

BYTE TO ITSELF 

C0*A0+C0 

REDUCE J REG 

BY | 



DECIMAL ADD ANY 

CARRY FROM 

PREVIOUS STEP 

INTO Bl REG. ALSO 

ADD BJ REG TO 

ITSELF 

REDUCE J REG 

BY 1 

OA 



^^JREG « S S y 



~C 



QMJ001 

EXAMPLE OF LOOP 2 OM011 

BYTE M C0- 1000 9001' DECIMAL 129 

DECIMAL ADD J REG -1 BINARY ADD J WG-J 
C0 10000001 



!~G 



Bl-Bl+Bl 
C-AI-04-04C 

C-A2-141 

C-A4-2 + 2 

C-AB-444 

C-AI6-B4-8 

C-A32-RVH6 

C-A64-32432 



A0 10000001 
C-00000010 



00000100 



1000 

00010000 

A000010000 

00100000 

— *lf 



A00 1000000 



CARRV-29-64+64+C 
FIRST STEP AFTER EXIT WE ADD CARRY 
INTO C0 WHICH THEN BECOMES THE NEXT 
SENIOR DECR4AL BYTE 




UCE H REGl 

ft=± 



LOOP 3 CONVERT 
NEXT HIGH 
ORDER BYTE 



-Si 



I REDUCE H REG I 
ELL 




•■UN! 



3 



A2L 



Ireduce hregI 
I SLL I 



IOOP 4 CONVERT 

NEXT HIGH 

ORDER BYTE 



SAMf METHOD^ 
OF CONVERSION 

EXCEPT THAT 

.RESULTANT DECIMAL J 

BF 



(REDUCE H REG | 
I BY! 



READ ADDRESS 

OF OPND 2 FROM 

LOCAL STORE 




»-^NS«Bl+C04Cl»D0Hx) 



, i THE CARRIES ARE \ 

/BMARY ADDED WTO THE SENK*\ 
f POSmOHA CHECK IS MADE \ 
I FOR Dl-10 CONDmON(BtiARY) J 
V ~ S WLL HAVE TO BE CORRECTED/ 
ON EXIT TO DECR4AL ^/ 



SET Dl. DECIMAL 
104- ANY CARRY 

FROM LAST 
OPERATION R» 

LOOPS 
READ ADORESS 

OF OPND 2 
rSOM IOCAL StOR 



ADD DiTO ITSELF 
AND ADD ANY 
CARRY FROM THE 
LAST OPERATION 

IN LOOP 5 

READ ADDRESS 

Of OPND 2 FROM 

IOCAL STORE 



STORE RESULT 
PLUS SIGN BYTI 
STORED R4 SKEW 
R€<2> M OPND 2 
UXATK3N OF 



OM0IJ 

om'w 




FIGURE 613. CONVERT BINARY TO DECIMAL 



ENTRY DATA 

AO Al 



BO 



CO 



CI 



DO 



Dl 



OP1 OP2| Rl R2 

1 



SET PROGRAM MASK 

ROS REG 1 
388 3F000000 
(D 3E4 3FOOO0O0 



DMC SECTION 124, ROUTINE 24 STOP ON MS 6B00 
A REG BREG C REG DREG 
6B00 4010 6B02 0410 
6B02 4010 6B02 3F00 



SKEW 



(^ 



FUNC YC1 YCD IZT 



I^M-M 



oocc 



xooo 



RR 

I OP Code I Rl I R2 I 
7 11 15 



OBJECTIVES 



BITS 2 - 7 OF THE GENERAL REGISTER 
SPECIFIED BY Rl REPLACE THE PROGRAM 
MASK AND CONDITION REGISTER. BITS - 1 
AND 8 - 31 OF REG Rl ARE IGNORED. 



FROM 

MSN 

FETCH 



<D 



READ OUT 
REGISTER Rl 
TO D REG 



SET CC BITS 
INTO 
Y2 AND Y3 



READ PSW FROM 
LOCAL STORE 
POSITION 4 6 TOD 
SET BITS 0- 7 
OF REG Ri TO D0 



* QE021 



READOUT 
INSTRUCTION 
ADDR TO A 
REG 



UPDATE INSN 

ADDR WRITE 

PSW BACK TO 

LOCAL STORE 



-© 



TOINSN| 
I FETCH 
|OD00l| 



mutt 4W.SCT PROGRAM MASK 



ENTRY DATA- RR 
AO Al 



AO Al BO 



O I R2 



CO C]_ 

OPND2 
LOW HFWD 



DO 



EXAMPLE CONTINUED FROM FIGURE 61 1 



OP1 



OP2I Rl 



D1 



R2 



SKEW 



OP2 



111X j XXXO 



OOCC 



0000 



FUNC YCI YCD IZT 



rx^MxKi 



. R2 



ENTRY DATA- RX 
AO Al 



ADDR OF OPND 2 
LOW HFWD 



BO Bl CO CI DO D1 



SKEW 



FUNC YCI YCD IZT 




I OP Code I Rl I R2 I 
7 11 15 

RX 



I OP Code I Rl I X2 I B2~T 



D2 



11 15 19 



31 



OBJECTIVES 

TO PERFORM THE INSTRUCTIONS 
COVERED BY RR AND RX (FULLWORD) 
FIXED POINT ARITHMETIC RX 

AND LOGIC OPERATIONS 



RR 



2ND LEVEL 
INSTRUCTION 

FETCH 

QD021 



SET Y0«1 
TRAP IF ISA 
OR PSA 



2ND LEVEL 

INSTRUCTION 

FETCH 

00001 



TRAP IF 
ISA 



FETCH OPND i 
LOW HFWD TO 
D REGISTER 
FOR STORING 



SET INDIRECT 
FUNCTION 
REGISTER. 
REWRITE 
OPND 2. 
LOW HFWD 



Ml OPND 1 



3 8. 



U 



TRAP IF ISA 
SET INDIRECT 
FUNCTION REGISTERi 



FETCH OPND 2 HIGH HFWD 

SET INDIRECT FUNCTION REGISTER 



TLlAlT 
LOW HFWD. 
SET INDIRECT 
FN REG. 
REWRITE 
OPND 2 
LOW HFWD 



roro 



OH101 
T 



[ ' _ uni^£ 



I 



fTTcTTSpWT 

LOW HFWD 
SET INDIRECT 
FN REG 
REWRITE 
OPND 2 
LOW HFWD 



FETCH OPND i 
LOW HFWD. 
REWRITE 
OPND 2 
LOW HFWD 



| FETCH OPND 1 LOW HFWDJ 



DECREMENT MAIN STORE 
ADDRESS OF OPND 2 



CLEAR OPND i 
LOW HFWD 



PROCESS BYTE 3 
REWRITE OPND 2 HIGH 



YES 




COMPARE BYTES 3. 
REWRITE OPND i LOW HFWD 
FETCH OPND 2 HIGH HFWD 



COMPARES" 
(Y4) 



NEITHER 



NO 



PROCESS BYTE 3. 

FETCH OPND 2 HIGH HFWD 



PROCESS BYTE 2 
FETCH OPND i HIGH HFWD. 
PRESET CONDITION 
REGISTER = 01 





QH011 OH001 



I 



HFWD 



01^ LOAD" 
<OR STORE 



.STORE 



FETCH OPND 1 HIGH HFWD 
IN D REGISTER FOR STORING 



DMPARES 
(Y7> 



NO 



YES 



COMPARE BYTES 1. 

REWRITE OPND 2 HIGH HFWD 



-ILL 




lOAD 
JY4)^ 



-UO_ 



SET IZT = 1. 

CLEAR OPND 1 HIGH HFWD 



RX 



PROCESS BYTE 1 

WRITE RESULT LOW HFWD 

REWRITE OPND 2 HIGH HFWD 




PROCESS BYTE 2 
FETCH OPND 1 HIGH HFWD. 
PRESET CONDITION 
REGISTER = 01 



-US- 



PROCESS BYTE 1. 

WRITE RESULT LOW HFWD 




COMP ^6>M>V. COMP 

LOG_^ALG OR^^AIG 

LOGICAL, 



LOAD STORE 



COMPARE BYTES 0. 
FETCH ADDR OF 
NEXT INSTRUCTION 



COMPARE BYTES 0. 
FETCH ADDR OF 
NEXT INSTRUCTION 



Lot\t OPS 





COMPARE BYTES 1. 
REWRITE OPND 1 LOW HFWD 



-© 



fOPE RATION 
(Y6,Y5) 



ADD 6 SUBT LOGICAL 



10 



AT5TJ6S! 
ALGEBRAIC 



PROCESS BYTE 0. 
FETCH ADDR OF 
NEXT INSTRUCTION 



REWRITE OPND 1 HIGH HFWD. 
SET CONDITION REGISTER TO 
01 IF OPND 1 LESS 
(ALUO FOR COMP ALG.) 
(YCI FOR COMP LOG) 
00 IF OPNDS EQUAL (IZT) 
10 IF OPND 1 MORE 



00 



OH 01i_ 
OH021 



PROCESS BYTE 
FETCH ADDR OF 
NEXT INSTRUCTION 



WRITE OPND 1 HIGH HFWD. 
SET CONDITION REGISTER 
(FOR LOGIC OPS ) TO 

00 IF ZERO RESULT (IZT) 

01 IF NON-ZERO RESULT 
(ALREADY PRESET) 




PROCESS BYTE 0. 
FETCH ADDR OF 

NEXT INSIftUCTlQNj 



foHiGi 



JC£L 



WRITE RESULT HIGH HFWD. 
SET CONDITION REG TO 
01 IF RESULT MINUS 
00 IF RESULT ZcRO (IZT) 
10 IF RESULT PLUS 



WRITE RESULT 
HIGH HFWD 



WRITE RESULT HIGH HFWD. 

SET CONDITION REGISTER 

ACCORDING TO: 

CARRY (YCI) 

ADD OR SUBT. (Y2) 

ZERO RESULT (IZT) 



FETCH 6 REWRITE 
TRAP MASK 
SET CONDITION 
REGISTER*!! 



NO 



|lN*TRUCtlONl 

FETCH 

OD001 




-® 



INSTRUCTION 
FETCH 
QD001 



FIGURE 615. RR AND RX FIXED POINT ARITHMETIC AND LOGIC 



ENTRY DATA 

AO Al 


BO 


B1 


CO 


CI 


00 


D1 




ADDR OF OPND 2 
LOW HFWD 


Rl 


• ex 


OP2 


ri [^><r 






SKEW H J 


YA 


YB 


FUNC 


YCI YCD IZT 


OP2 


z^r^cr 


II>r =::: C_ 


OOCC 


X0X1 


ADD 









RX 



I OP Code 1 Rl f X2 I bTT 



D2 



11 15 



LOW BIT OF MS 
ADDR 



ADD REGISTER AR 


08, 07 DMC 


SECTION 114, 


ROUTINE 20 


ROS REG 7 


REG 8 


A REG 


BREG 


C REG D REG 


395 66666666 


22222222 


641 E 


7080 


2222 1A78 


© 1E2 6666bbbb 


22222222 


6666 


700E 


2288 2222 


(3) 1E4 bbbb8888 


22222222 


6444 


8888 


0088 8888 


© 1EC 88888888 


22222222 


6424 


8888 


0026 4780 



SUBTRACT 



2ND LEVEL 

INSTRUCTION 

FETCH 

OD021 




SET UP CONSTANT 
OF 11111111. 
LOAD ADDRESS OF 
OPND 1 LOW HALFWORD 



ADD 




SET UP CONSTANT 
OF 11111111. 
LOAD ADDRESS OF 
OPND 1 LOW HALFWORD 



OBJECTIVES 

THE HALFWORD SECOND OPERAND IS 
/TOED TO OR SUBTRACTED FROM THE 
FIRST OPERAND AND THE SUM IS 
PLACED IN THE FIRST OPERAND 
LOCATION. THE HFWD. 2ND OPND 
IS EXPANDED TO A FULL WORD 
BEFORE THE ADDITION OR SUBTRACTION 
BY PROPAGATING THE SIGN-BIT VALUE 
THROUGH THE 16 HIGH ORDER BITS 



OPND 2 MINUS 




JNO. 




OPND 2 PLUS 



PROCESS BYTE 3. 
FETCH NEXT 
INSTRUCTION ADDRESS 



PROCESS BYTE 3. 
FETCH NEXT 
INSTRUCTION ADDRESS 



:e 



PROCESS BYTE 2. 
FETCH OPND 1 HIGH 



<D 



00 



/OPND 1 HIGH HALFWOICr 
[ (UNCHANGED) W1L FORM 
JLT HIGH HALFWORD 



1 WRITE RESULT LOW | 



11 




01 



| WRITE RESULT LOW | 



OPND 14 




<D 



10 



/OPNDi HIGH HALFWORD\ 
/ WILL BE INCREMENTED \ 
^\ OR DECREMENTED BY 1 k 
\TO FORM RESULT HIGH / ^ 



PROCESS BYTE i WITH 
00000000. 
CHANGE CONSTANT 
TO 00000000 



COF OPNDi?. 



OPND 1- 



PROCESS BYTE 1 WITH 
CONSTANT OF 
11111111 



REWRITE OPND 1 HIGH 
AS RESULT HIGH. 
PRESET CONDITION 
REGISTER TO 10 



SET CONDITION 
REGISTER ID 01 
REWRITE OPND 1 UGH 
AS RESULT HIGH 



PROCESS BYTE 
WITH CONSTANT. 
WRITE RESULT LOW 




| WRITE RESULT HIGH| 



TRAP 



SET CONDITION 
REGISTER TO 00 




LEAVE CONDITION 
REGISTER UNCHANGED 



I PRESET TO 10) 



I INSTRUCTION! 

FETCH 

OD001 



-© 



FIGURE 616. RX FIXED POINT ADO AND SUBTRACT 



ENTRY DATA- RR 
AO A1 



BO 



SKEW 



ENTRY DATA- RX 
AO Al 



ADDR OF OPND 2 
LOW HFWD 



BO 



CO 



CI 



DO 



OP1 



D1 



OP2I R1 R2 



FUNC YCI YCD IZT 



NORMAL = 
EXECUTE = 1 



]^ 



-5?- 



OP2 1 Rl I 



COMPARE DMC SECTION 105, ROUTINE 46 STOP ON MS 618C 

ROS REG 2 A REG B REG C REG D REG 

§312 00000010 682E 2000 0000 0010 

1F7 bbbbOOlO 682C 0000 0010 0000 

1EC 00000010. 6820 0000 0022 4780 

CONDITION CODE =00 



SKEW 


H 


OP2 


^* — ! ^~ — * 


RR 


1 OP Code 1 Rl 1 R2 1 


7 11 15 



RX 



YA 



YB 



FUNC YCI YCD IZT 



| 2 00CC X0X1 ADD ^^^j^ 



I OP Code I Rl 1 X2 » B2 I D2 I 



7 

OBJECTIVE 



15 



TO COMPARE THE FIRST OPERAND TO 
THE SECOND OPERAND AND SET THE 
CONDITION CODE ACCORDING TO 
THE RESULT. 



2ND. LEVEL 

INSTRUCTION 

FETCH 

QD0 21 




FETCH OPND 1 
HIGH HFWD 



JLii- 



TRAP 
ROUTINE 
QC011 




METHOD 

COMPARISON IS FROM LEFT TO RIGHT, AS FOLLOWS:- 

COMPARE SIGNS ; 

IF DIFFERENT, SET CONDITION REGISTER ACCORDING TO SIGN OF 

OPND 1 (IF PLUS SET 10; IF MINUS SET 01)(TIME 3 CYCLES); 
IF SAME. THEN 
TEST HIGH 16 BITS OF OPND i FOR SIGNIFICANCE (U. FOR NON-ZERO 

IF PLUS AND FOR PRESENCE OF ANY ZERO BIT IF MINUS); 
IF SIGNIFICANT,SET CONDITION REGISTER TO SIGN OF OPND i AND 

EXIT (TIME 4 CYCLES); 
IF NOT SIGNIFICANT, THEN 
COMPARE BYTES 2 CSEE DIAGRAM)? 

IF NOT EQUAL. SET CONDITION REGISTER ACCORDING TO THE 

INEQUALITY, AND EXIT (TIME 5 CYCLES)* 
IF EQUAL,THEN 
COMPARE BYTES 3 AND SET THE CONDITION REGISTER 

ACCORDING TO RESULT (TIME 6 CYCLES'). 



-32 BITS- 



REWRITE OPND 1 HIGH HFWD 
REWRITE OPND 2 



PLUS 



FETCH NEXT 

INSTRUCTION 

ADDRESS 




OPND 1 I BYTE I BYTE 1 I BYTE 2 I BYTE 3 I 



OPND 2 I PSEUDO SIGN 



I 



r~n 



MINUS 



COMPARE COMPARE 
BYTES 2 BYTES 3 



FETCH NEXT 

INSTRUCTION 

ADDRESS 



MINUS 



(OPND i ~ \ 
OPND 2 + P^^ 




DPND J> 
SIGN 



PLUS 



MINUS 



FETCH OPNDi LOW HFWD 

PRESET CONDITION 

REGISTER* 10. 





'NDJ? 



PLUS 



FETCH OPNDI LOW HFWD. 

PRESET CONDITION 

REGISTER-^! 



SIGNIFICANT 
16 BITS OF^-^ 1 ^ 
vOPNDJ 



SIGNIFICANT 
MINUS 




SET CONDITION 
REGISTER = 10 



(OPND 1 + J 



INSTRUCTION 

FETCH 

QD001 



NOT SIGNIFICANT 



REWRITE OPND 1 LOW HFWD. 



REWRITE OPND i LOW HFWD. 



(OPNDlN 
< OPND 2/ 



LP 



SET CONDITION 
REGISTER — 01 




HI OR 
EQUAL 



REWRITE OPNDi LOW HFWD 
PRESET CONDITION 



REGISTER -10 



FIGURE 617. RX COMPARE ALGEBRAIC 




NO 




r CONDITION REGISTER ALREADY 
TO: 
OPNDI >OPND 2 
OPNDKOPND 2 



) 



QH091 
QH#2f 



OPNDKOPND i 
CONDITION REGISTER] 
ALREADY - 



JD 2.\ 
GISTERJ 



ENTRY DATA - RR 
AD AI 



AO A] BO BJ CO O DO. PI 



SKEW 



H J YA YB FUNC YC1 YCD IZT 

l-x-l'x'l-x'l-x^l « I - ExTMTTSI 



BRANCH ON CONDITION 


ROS 


REGO 


£ 38E 


00000002 


2 3F8 


00000002 


S 3CE 


00000002 


5 3D0 


00000002 



BCR F, 05 CR BITS =00 DMC SEaiON 120, ROUTINE 10 

REG 5 A REG B REG C REG DREG 

00005D8C 1CD4 7037 1CD6 07F2 

00005D8C 5228 A000 6228 07F8 

00005D8C 1CD6 9000 1CD6 07F2 

OOOObbbb 6324 0000 631 E 07D5 



ENTRY DATA - RX 
A0 AI 



A0 AI BO Bl CO CI DO PI 

1 ™ l-T»IX|o"1»S'l"»X!><l 



SKEW 



on IXiXi 



YA 



YB 



FUNC YCI YCD IZT 



CXM-M 



oocc 



RR 

7 11 15 



RX 



I <y<fr*f I RH Ml Bl » I 



11 15 1? 



31 



Ot'ECTIVE 

THE UPDATED INSTRUCTION ADDRESS IN THE 
PSW IS REPLACED BY THE BRANCH ADDRESS 
IF THE* STATE OF THE CONDITION CODE IS 
AS SPECIFIED BY THE 4 BIT MASK CARR'fD 
IN THE Rl FIELD OF THE INSTRUCTION 



BCR 

RR 

ENTRY 



< 



BRANCH ON COND\ 
RR ENTRY J 



READ INSN ADDRESS 
TO THE H REG 





' BRANCH ON CON 
w RX ENTRY 



!) 



FOR BRANCH 
ADDRESS IN H REG 



FETCH BRANCH 


ADDRESS FROM 


LOCAL STOR 


(REC R2) 




ZERO 



UPDATE INSN 
ADDRESS FETCH 
NEXT INSN HFWD 
FROM MAIN STORE 



(D— 




UPDATE INSN 
ADDRESS FETCH 
NEXT INSN FROM 
MAIN STORE 




FETCH NEXT 

INSN HFWD FROM 

BRANCH ADDRESS 




FIGURE 618. BRANCH ON CONDITION RR AND RX (QE031) 



ENTRY DATA - RR 
AO A1 



JO 



R2 



CO CI 

OPND2 
LOWHFWD 



00 



OP1 



01 



OP2I Rl 



R2 



SKEW 



OP2 



ADDR'6f R2 
HIGHHFWD 



YA 



OOCC 



YB FUNC YC1 YCD IZT 



MULTIPLY RR FORMAT MR 02, 05 DMC SECTION 16D, ROUTINE 20 

ROS REG 2 REG 3 REG 5 A REG B REG C REG DREG 

(T) 399 0399FFDF 00000030 AAAAAAAA 65E4 0399 AAAA 1C25 

ffi 93B AAAAFFEF FFFFbbbb AAAAAAAA 0000 0000 0000 AAAA 

© 8B0 AAAAFFEF FFFFbbbb AAAAAAAA FF02 EFE0 0000 A080 

® 92C bbbbFFff FFFFFFE0 AAAAAAAA FFEF FFFF 0000 A080 



ENTRY DATA - RX 

A0 A1 

ADDR OF OPND 2 
LOW HFWD 



CI 



B0 B1 CO . 



00 



D1 



SKEW 



YB 



FUNC YCI YCD IZT 



1 OP Code I Rl I R2 I 
7 11 15 



[XOR FUNCTION 



SUO FUNCTION ] 



FORM RESULT DIRECTLY BY SHIFTING 
RIGHT OPND2 WITH A 32 -BIT 
DISPLACEMENT TO THE LEFT 




FIGURE 620. RR AND RX FIXED POINT MULTIPLY 



Even Register 



32 Bits 



Odd Register 



31 Bits 



OPND 1- 



(Multiplicand) 



31 Bits 



— OPND 2- 
(Muitipiier) 



. Product 



The Multiplicand is located in the Odd Register of the Even/Odd pair specified by Rl. 
in the Register pair, overwriting the Multiplicand. 



The product is stored 



Method 

1. The Multiplicand is complemented if it is negative. 

2. XI 9 X2 9 X3 and X6 multiples of the Multiplicand are formed and held in Local Storage. Each multiple 
occupies 2 half-words and for X3 and X6 multiples the extended bits of the high order half-word are 
used to store the overflow bits. 

3. The low order half-word of the multiplier is read to D. Each hexadecimal digit of the multiplier is 
analysed using a function branch. Multiples are added to, or subtracted from a partial product 
according to the digit value as shown in the table. 



Multiplier 
Digit 


Multiples Used 


Multiplier 
Digit 


Multiples Used 


No Carry 
In 


Carry In 


No Carry 
In 


Carry In 



1 
2 
3 
4 
5 
6 
7 


No Op. 

+1 

+2 

+3 

-2+6 

-1+6 

+6 

+1+6 


+1 

+2 

+3 

-2+6 

-1+6 

+6 

+1+6 

+2+6 


8 
9 
A 
B 
C 
D 
E 
F 


-2-6 (+16) 

-1-6 (+16) 

-6 (+16) 

+1-6 (+16) 

+2-6 (+16) 

-3 (+16) 

-2 (+16) 

-1 (+16) 


-1-6 (+16) 

-6 (+16) 

+1-6 (+16) 

+2-6 (+16) 

-3 (+16) 

-2 (+16) 

-1 (+16) 

(+16) 



The (+ 16) for multiplier digits which are greater than or equal to 8 is dealt with by forcing a carry 
into the next most significant digit position. Multiples are added, or subtracted form Skew and byte offset 
appropriate to the position of the multiplier digit within the half-word. 

Register H addresses the multiples in Local Storage and during the Add/ Subtract loop each half-word 
of a multiple is read to Register C. Register J addresses the Even/Odd register pair. The partial product 
is stored as shown in the diagram, half-words being read from the register pair to Reg. B. 

The partial product is stored in the result register pair in Local Storage and in the Data Flow Reg. A, 
as shown in the diagram, half-words being read from the register pair to Reg. B. for processing. 

PP(01) PP(10) PP(ll) 



Zero Low 3 half-words of partial product- 



LS (10) 


Reg. A 


LS (11) 



Partial 
Product. 

Half-words located thus. 



Low half-words 
of multiplier 



4 5-67 



Order of 
processing. 



1st 



2nd 



3rd 



4th 



-» | Multiples of Digit 6| 
— » | Multiples of Digit 71 



LSGffiJaEEEllffaM] 



> [Multiples of Digit 5[ 



Multiples are added or subtracted 
with Skew and byte shift appropriate 
to postion of multiplier digit. 



This forms partial product 



High half-word 
of multiplier 



12 3 



6th 



7th 



LS(vl) 


Reg. A. 


LS(10) 


LS(ll) 



^—> IMultiples of Digit 21 



8th 






IMultiples of Digit 



This ffoums final product correctly in the 
Even /'odd pairs of result register in 
Local Storage. 



The numbers in brackets afterr PP 
and Local Storage e. g. (Ol)are 
binary and refer to the low order 
two address bits. 



LS(00) 


LS(01) 


LS (10) 


LS(ll) 



The process is repeated for the High Order multiplier half-word. The sign bit of the multiplier is 
treated as a Data bit, so that the correct two's complement form of a negative product is produced 
automatically. 

The result is complemented if the original multiplicand was negative. 



FIGURE 621. RR AND RX FIXED POINT MULTIPLY, NOTES. 



abbreviations: 

mple- multiple of multiplicand (opndl) 

mplr- multiplier (opnd2) 

rr(l0- partial product lowest halfword 




OJ071 



PROCESS WITH BYTE 1 OF MPLE 
WRITE NEW RR(U)/(10) IN 
RESULT REG GD/U0) 



FETCH OLD PP. (01)/(00) 
FROM RESULT REG. Cl0)/(01) 





r IF LOW HFWD OF MPLR: 

RR(11)KEPT IN RESULT REC(11)IN L.STOR; 

P.P.(l0)KEPT IN REG. A IN DATA FLOW; 

PP(01)KEPT IN RESULT REC(10)IN L.STOR; 

IF HIGH HFWD OF MPLE: 

(p.R(li)KEPT IN RESULT REG.CU)IN L.STOR] 

P.P.CiCOKEPT IN RESULT REG(i0) IN L.STOR; 

P.R(01)KEPT IN REG A IN DATA FLOW; 

P.P. (00) KEPT IN RESULT REG. (01) IN L STOR i 




PROCESS WITH BYTE 1 OF MPLE. 
WRITE NEW RP(liyU0) IN 
RESULT REG. (11) /(10) 



PROCESS WITH BYTE OF MPLE 
FETCH OLD PR (0ij|f(00) FROM 
RESULT REG(10)ft01) 



YES 



[PROCESS WITH BYTE OF MPLE , 
[REWRITE HIGH HFWD OF MPLE I 



r« 




i 



PROPAGATE CARRY/BORROW 
INTO LEFT ADJACENT BYTE OF 
RP.6 STOR IN RESULT REG.Q0)K01) 




YES 



PROCESS WITH EXTEND BYTE OF 
MPLE REWRITE HIGH HFWD OF MPLE. 



50R1 



4OR0 



trz^- 



QJ041 



PROCESS WITH BYTE OF MPLE. 
REWRITE HIGH HFWD OF MPLE. 



PROCESS WITH EXTEND BYTE 
OF MPLE. PROPAGATE SIGN OF 
PP TO LEFT ADJACENT BYTE 6 
STOR IN RESULT REG.(10)/(01) 




DIGITS 



DIGIT 1 



WRITE NEW PR (01) IN RESULT 
REG. (01) 




PROPAGATE CARRY/BORROW 
INTO LEFT ADJACENT BYTE OF 
RP.6 STOR IN RESULT REG.(L0f(01) 
REWRITE HIGH HFWD OF MPLE 



60R2 



PROPAGATE SIGN OF RP. TO 
LEFT ADJACENT BYTE. 



FETC H LOW HFWD OF X6 M PLE. 
SET INDIRECT FUNCTION TO: 
ADDIFYCD-0; 
SUB TRACT IF YCD-1 

SETY0-0 

FETCH BR(U)fU0) FROM RESULT 
REG.Ol)fa0) IN LOCAL STOR. 



WRITE NEW PR (0DA00) IN 
RESULT REG. (10)/(01) 



PROCESS WITH BYTE OF MPLE 
WRITE NEW RR(10)IN RESULT 
REG. (10) 



PROCESS WITH BYTE OF MPLE 
CLEAR RESULT REG. {00). 



PROCESS WITH EXTEND BYTE 

OF MPLE. 

FETCH HIGH HFWD OF MPLR. 





OJ041 



_l 



STORAGE SITUATION NOW CHANGING TOA 
RR(il)KEPT IN RESULT REG (ll)IN L.STOR^ 
P.P.CL0)KEPT IN RESULT REC(10) IN L.STOR;) 
RP.(01) KEPT IN REGA IN DATA FLOW; I 
(00)KEPT IN RESULT REG (01jJ / 



[WRITE RR(0 0)JN RESULT 




REGgWO^ /ALL 4 HFWDS \ 
^s/NOW IN CORRECT 1 
VORDER AS FINAL j 
\ PRODUCT J 



OJ241 



FIGURE 622. RR AND RX FIXED POINT MULTIPLY, DETAIL OF LOOPS 



ENTRY DATA - RR 
AO Al 




FIGURES 623 AND 624 OR 8,0 



DMC Section 170 ROUTINE 20 



ROS REG 



REG 8 



YA YB F UN C YCI YCD IZT 
00CC 0000 ^>»^]^^| 



REG 9 A REG B REG C REG D REG CAS 



80000000 C0O0OO0O 80000000 657C 8000 
80000000 3FFFbbbb 80000000 0000 0000 



398 
973 
(D 9CD 80000000 

9F0 80000000 bbbbbbbb 
8DA 80000000 bbbbOOOO 



0000 1D80 QJ241 

8000 FFFF QJ271 

00000000 0000 0000 FFFF FFF8 QJ221 

7FFFbbbb FFFF 5555 0000 0000 QJ211 

7FFFFFFF 0000 0000 0000 0000 QJ211 



ENTRY DATA - RX 
AO Al 



[ 



ADDR OF OPND 2 
LOW HFWD 



_K . »' - £2 ci 

R1 1 ° L^ >< Cj OP2 R1 L^* 



SKEW 



~ IX i X I 



YA 



YB 



FUNC YCI YCD IZT 




RR 



1 OP Code I Rl I R2J 

7 II 15 



I QP Code I Rl I X2 I B2 I D2 | 



11 15 



19 



RR DIVIDE 



RX DIVIDE 



OBJECTIVES 

FOR FIXED POINT DIVISION THE DOUBLE LENGTH 

DIVIDEND (OPERAND l) IS DIVIDED BY THE DIVISOR 

(OPERAND 2) , THE QUOTIENT AND REMAINDER 

REPLACING OPERAND 1. 

IN THE INITIALISATION MICROPROGRAM BOTH 

OPERANDS ARE MADE POSITIVE. Xi 3 X2,X4 AND X8 

MULTIPLES OF THE DIVISOR ARE FORMED IN LOCAL 

STORAGE. THE DIVIDE LOOP IS ENTERED AFTER A 

TRIAL SUBTRACTION FOR DIVIDE CHECK. 



COMPLEMENT OPERAND i 
(DIVIDEND) 




NEGATIVE 




NEGATIVE 



SET ALU FUNCTION REGISTER 
TO SUO TO COMPLEMENT 
OPND 2 (DIVISOR) 




^OPND 2 SIGI 



POSITIVE 



OJ241 



COMPLEMENT DIVISOR IF 
NECESSARY, TEST MAGNITUDE 
OF DIVISOR. 



00 



ALU/O 



IdivisorU2 15 

* half word* case set y4. 




ALUO 



2' 5 ^ | DIVISOR | -c 2" 
*FULLWORD" CASE 



DIVISOR - -2 31 SET Y7 



SUBTRACT | DIVISOR | FROM 
DIVIDEND. THIS MEANS THATi'S 
COMPLEMENT OF QUOTIENT 
WILL BE FORMED BY THE 
DIVIDE LOOP 



J= 





OUOTIENT^ 
SIGN 



STORE ZERO AS QUOTIENT. 
RESTORE DIVIDEND AS 
REMAINDER. 



OJ261 




OJ251 



FROM Xi X2 X4 X8 MULTIPLES 
OF |DIVISOR| IN WORKING AREA 
OF LOCAL STORAGE. FOR THE 
HALFWORD CASE ONLY 2 BYTES 
ARE REQUIRED FOR EACH 
MULTIPLE. THE EXTEND BITS 
OF THE HIGH ORDER BYTES 
ARE USED 



USE X8 MULTIPLE FOR TRIAL 
SUBTRACTION. 



QJ261 
QJ271 



JADD BACK DIVISOR TO DIVIDEND| 





STORE SIGNS AND CONDITION 
REGISTER. INITIALISE STATS FOR 
DIVIDE LOOP 



QJ251 
OJ241 




COMPLEMENT DIVIDEND TO 
RESTORE OPERAND i 



-I 




FIGURE 623 RR, RX FIXED POINT DIVIDE INITIALIZATION 



SBiCT X8 MULTIPLE USE 
EXTEND BITS FOR COMPARE 



RR.HIGH 



YCD 



RR. HIGH 



li 



ALU?* 




COMPARE USING HIGH ORDER 
BYTE OF MULTIPLE HALFWORD 



EACH QUOTIENT DIGIT IS FORMED BY COMPARING IN 
TURN X8,X4,X2,Xi MULTIPLES OF THE DIVISOR WITH 
THE PARTIAL REMAINDER (PR} A MULTIPLE IS SUBTRACTED 
FROM THE PR. WHEN THE RR IS HIGH OR EQUAL. THE RR. 
IS SHIFTED LEFT 4 BITS BETWEEN THE FORMATION OF 
SUCCESSIVE QUOTIENT DIGITS. 



OJ221 QJ211 



DOUBLE QUOTIENT DIGIT 
SELECT X4 MULTIPLE USE 
EXTEND BITS FOR COMPARE. 



P.R.HIGH 



u ALU# 



PR. HIGH 



11 



YCD 




PRLOW 



YCD 



10 



COMPARE USING HIGH ORDER 
BYTE OF MULTIPLE HALFWORD 



PRLOW 



01 



EQUAL 



ALU# 




DOUBLE QUOTIENT DIGIT 
SELECT X2 MULTIPLE USE 
EXTEND BITS FOR COMPARE 



PR. HIGH 



PRLOW 



11 



YCD 




COMPARE USING HIGH ORDER 
BYTE OF MULTIPLE HALFWORD 



ALU^O^^\YCD 
P.R.HIGH ^ COMPARE^ yPRLOW^' 



EQUAL 




DOUB E QUOTIENT DG.T 
SELECT XI MULTIPLE USE 
HIGH ORDER BYTE FOR COMPARE 



PR.HIGH 



ALU/O 




PRLOW 



COMPARE USING IOW ORDER 
BYTE OF MULTIPLE HALFWORD 



PR.HIGH 



YCD 



|ADD 1 TO QUOTIENT DIGIT"^ 




PRLOW 



ALU^O 



01 



EQUAL 



ADD1 TO QUOTIENT DIGIT. 
LEAVE YCD = TO DISTINGUISH 
THIS CASE. 




COMPARE LOW ORDER 
HALFWORDS OF MULTIPLE 
AND P.R. 



YES 



ISUBTRACT MULTIPLE FROM 
|PARTIAL REM AINDER 




NO 



RESTORE QUOTIENT DIGIT BY 
SUBTRACTING 1 



ADD NEW QUOTIENT DIGIT TO 
QUOTIENT HALFWORD 




STORE FIRST HALFWORD OF 
QUOTIENT 



HALF 



NO 




J41 



SHIFT LOW ORDER HALFWORD 
OF PARTIAL REMAINDER 
4 BITS LEFT 



YES 



SHIFT HIGH ORDER PR HALF- 
WORD 4 BITS LEFT 
SET QUOTIENT DIGIT- 




^QUOTIENT 
SIGN 
"Vy 



NEGATIVE 



CY5X 



POSITIVE 



FORM AND STORE I* 
COMPLEMENT OF QUOTIENT 




EMAINDER 



NEGATIVE 



POSITIVE 



COMPLEMENT REMAINDER 



STORE REMAINDER RESTORE 
CONDITION CODE TO Y2 ,Y3 



-© 



INSTRUCTION 

FETCH 

QD001 



FIGURE 624. FIXED POINT DIVIDE LOOP 



ENTRY DATA 

AO Al 



SKEW 



R2 



BO 



OP2 



I R2 

I 



CO 



CI 



00 



OPND2 
HIGH HFWD 



OPl|OP2l Rl 



D1 



LOAD POSITIVE, FLOATING POINT LPER DMC SECTION 19C, ROUTINE 01, 
STOP ON MS 60FA. 



YA 



YB 



1110 I XX01 



00CC 



00X0 



FUNC YCI YCD IZT 



I^MXM 



ROS FP REG 00 

® A45 F0F0F0F0 

® A2C F0F0F0F0 

C» BF6 bbbbFOFO 

@ BEF 0F1E2D3C 



R2 ■ 



RR 

1 OP Code 1 Rl I R2 I 
7 11 15 



FP REG 06 A REG B REG C REG D REG 

0F1E2D3C 60FA 0069 60FC 3006 

OFlEbbbb 8FFA 2D3C 0F1E 3006 

0F1E2D3C OOFA 2D3C 0F1E 3006 

0F1E2D3C 60FC 2D3C OFFE 47C0 



OBJECTIVE 

TO PERFORM THE RR FLOATING 

POINT INSTRUCTIONS LOAD, HALVE 

LOAD COMPLEMENT, LOAD AMD TEST, 

LOAD NEGATIVE AND LOAD 

POSITIVE (FOR DESCRIPTI J OF OBJECTIVES OF 

EACH INSTRUTION SEE PRINCIPLES 

OF OPERATIONS MANUAL) 



LOAD 



HALVE 



SET IZT = i 
FETCH OPND 2 



SET IZT = i 
FETCH OPND 2 
SET ALU FN. REG. 
TO RIGHT SHIFT 



LOAD COMPLEMENT 

I 




INVERT SIGN 
OF OPERAND 2 
FETCH OPND 2 



LOAD AND TEST 

1 



LOAD NEGATIVE 



LOAD POSITIVE 



FETCH OPND 2 



INVERT SIGN 
OF OPND 2 
FETCH OPND 2 



INVERT SIGN OF 

OPND 2 
FETCH OPND 2 



TAKE INVERTED SIGN 



INVERTED 
^OR ORIGINAL 
sSIGN AS FINAL. 

.RESULT. 



TAKE ORIGINAL SIGN 



CLEAR 
OPERAND 100 



CLEAR 
OPERAND 100 



LOAD OR HALVE 




SIGN OPS 



PROCESS OPND 2 
NEXT (OR 1ST) BYTE 
REWRITE OPND 201 



<D 



ADJUST SIGN 

RESULT 

REWRITE OPND 201 

SET IZT 



3 R o PASS 



1"PASS 



CLEAR OPND 101 




2 N0 PASS 



SIGN 



MINUS 



CLEAR OPND 1 (01) 

1 st PASS 
CLEAR OPND 1 (11) 

3 rd PASS 



LONG 

PRECISION 1 st ] 

PASS 




1 


' 


' OF RESULT 


r 


PASS OPND 2 BYTE 1 
FOR LATER IZT 

TEST CLEAR 

OPND 1 (01) 

SET COND. REG. 

10 FOR PLUS 




PASS OPND 2 

BYTE 1 FOR LATER 

IZT TEST 

CLEAR OPND i (0i) 

SET COND. REG. 

01 FOR MINUS 













LONG 



PROCESS OPND 2 

NEXT BYTE 

WRITE RESULT 

(00) i« T PASS 

(0i) 2 nd PASS 





LONG PRECISION 

3 "D PASS OR 

SHORT 

PRECISION 



FETCH OPND 2 (10) 

FIRST PASS 

FETCH OPND 2 (i i) 

SECOND PASS 



PROCESS OPND 2 

NEXT BYTE 

WRITE RESULT 

(00) SHORT 

PRECISION 

WRITE RESULT 

(10)LONG PRECSION 

3 rd PASS 



PROCESS OPND 2 

LOW BYTE 

FETCH INSN 

COUNT 



(' TO WRITE RESULT (01) 
(SHORT PRECISION) OR RESULT 
(11) LONG PRECISION, AND 
, TEST IZT FOR ZERO RESULT 




FIGURE 625. RR FLOATING POINT SIGN OPERATIONS 



ENTRY DATA 

AO A1 



BO 



R2 



CO CI 

OPND2 
HIGH HFWP 



00 



OP1 



PI 



OP2I R1 I R2 



NO EXAMPLE SHOWN. 



SKEW 



| R2 



H 



1100 ! xxoi 



YA 



YB 



OOCC 



00X0 



FUNC YCI YCD IZT 



XOR 



n 



-R2- 



SHORT =0 
"LONG = 1 



I OP Code I R1 I X2 I B2 I D2 I 



11 15 



19 



RR 



IP** J "AM 



QK021 



INSTRUCTIONS 
SINGLE V DOUBLE 
COMPARE | 

£u?tract}| normal 'z ed 

^iuNNORMALIZED 



FROM 

INSTRUCTION 
FETCH 



CKH 



ENTRY ~) 



SET STATS. 
FETCH EXPONENTS. 



COMPARE EXPONENTS TO - 
\) CALCULATE EXPONENT DIFFERENCE (ED). 
2) SET STAT FOR EXPECTED RESULT SIGN. ' 
V SET ALU FN TO ADD OR SUBTRACT, 
WITH OR WITHOUT SKEW. 



DOUBLE LENGTH 



^SINGLE > 

or DOUBLE 

LENGTH. 



QK031 



FROM 

INSTRUCTION! 
FETCH 



9"<! 



SET STATS. 

TEST TOP BIT OF Rl 

FOR CORRECT SPECIFICATION. 



FETCH EXPONENTS 



INSTRUCTIONS 
SINGLE t, DOUBLE 

COMPARE 

ADD 

SUBTRAC 

SUB 1 UNORMAUZED 



t}* 



COMPARE EXPONENTS TO :- 
\) CALCULATE EXPONENT DIFFERENCE (ED). 

2) SET STAT FOR EXPECTED RESULT SIGN;' 

3) SET ALU FN TO ADD OR SUBTRACT, 
WITH OR WITHOUT SKEW. 



EXPONENTS (OPNDl^OPND 2) 



FETCH OPND 2 6 STORE 
IN WORKING STORE 



EXPONENTS 
(OPNDi^OPND2) 




QK071 
QK081 



EXPONENTS 
(OPNDKOPND2) 




QK04L 
QK07L 
QK081 



FETCH OPND 2 6 STORE 
IN WORKING STORE 



TEST ED FOR REQUIRED 
NUMBER OF DIGITS OF 
PRE-NORMALIZATION 
SHIFT 



TEST ED FORREOUIRED 
NUMBER OF DIGITS OF 
PRE-NORMALIZATION 
SHIFT 



CALCULATE GUARD DIGIT 
AND STORE IT IN 
WORKING STORE 



EXPONENTS 
(OPNDl^OPND 2) 



CALCULATE GUARD DIGIT 
AND STORE IT IN 
WORKING STORE 




EXPONENTS 
(OPND 1< OPND 2) 



QKlii 



LOOP 
EXPONENTS 
(OPNDi^OPND2 ) 
6 NO BYTE SHIFT 
(ieDl = Ai>Bi TYPE) 



LOOP 
EXPONENTS 
(OPND!^OPND2) 
6THEREISBYTE SHIFT 
(ie D1=A1>B0 TYPE) 



OKI 21 



LOOP 
EXPONENTS 
(OPND 1< OPND 2) 
f, NO BYTE SHIFT 
(ie Al = Bi>Di TYPE) 



LOOP 
EXPONENTS 
( OPND l< OPND 2) 
6 THERE IS BYTE SHIFT 
(ie AL = Bl>DpTYPE) 



SH2 



QK131 



FIGURE 626. FLOATING POINT RR AND RX (QK021, QK171) (SHEET 1 OF 2) 



SHI 



ARITH 



WRITE INTERMEDIATE 
RESULTINTO OPND 1 
LOCATION 




NEITHER 



TEST FOR 

1. OVERFLOW 

2. RECOMPLEMENT 

3. NEITHER 



OVERFLOW 



QK151 




UNNORMAUZED 



NORMALIZED 



j 



SHIFT INTERMEDIATE 
RESULT 1 DIGIT RIGHT 



RECOMPLEMENT 



COMPLEMENT 
INTERMEDIATE 
RESULT 



INCREMENT 
EXPONENT BY 1 



QK161 
QK171 



NO 



TEST EXPECTED RESULT SIGN 



STAT AND SET CONDITION 
REGISTER ACCORDINGLY 





TEST EXPECTED RESULT 
SIGN STAT & 1ZT LATCH 
& SET CONDITION 
REGISTER ACCORDINGLY 



FETCH INSTRUCTION 
COUNT 



O 



TO 
INSTRUCTION FETCH 



YES 



QK151 



FETCH INSTRUCTION COUNT 



O 



TO 
INSTRUCTION FETCH 



NO 




YES 



SHIFT INTERMEDIATE 
RESULT LEFT 1 DIGIT 



QK161 
QK171 



SHIFT INTERMEDIATE 
RESULT LEFT 2 DIGITS 



— DECREMENT 
EXPONENT BY 1 



DECREMENT 
EXPONENT BY 2 




NO 



OFF 





ON 



INVERT SIGN 



ON 



INVERT SIGN 




UNDERFLOW 
MASK 



OFF 




4 



OFF 



SET UNDERFLOW 
STAT ON 



SET CONDITION 
REGISTER TO 00 



TEST SIGN \PLUS_ 



MINUS 



SET CONDITION 
CODE TO 01 



REPLACE 

INTERMEDIATE RESULT 
BY ZERO RESULT 



YES 



SET CONDITION 
CODE TO 10 



O 




NO 



FETCH INSTRUCTION COUNT 



TRAP ROUTINE 
FIGURE 626. FLOATING POINT RR AND RX (QK021, QK171( (SHEET 2 OF 2) 



O 



TRAP ROUTINE 



Q 



TO 
INSTRUCTION FETCH 



ENTRY DATA 

AO Al BO B1 CO CI DO PI 



ADDR OPND 2 
HIGH HFWD 



■1'iyiyM 



LOAD FLOATING POINT SHORT DMC SECTION 195, ROUTINE 03, 
STOP ON MS 6158 



SKEW 



RX 

I OP Code I Rl I X2 I B2 1 D2 I 

7 11 15 19 31 



YA YB FUNC YCI YCD IZT 



»<* LXLXLX 



SHORT = 
" LONG = 1 



ROS FP REG 00 A REG 

All AB6B7B1B4321DCBA 6E58 

© BF9 AB6B7JMB4321DCBA 6E58 

© 174 AB6B7B1B4321DCBA 6E58 

CO 1F5 AB6B7B1B4321DCBA 0939 



BREG 


CREG 


DREG 


2000 


0082 


5555 


0000 


5555 


5555 


0000 


5555 


5555 


00F0 


0000 


5AF0 



OBJECTIVES 

STORE FLOATING POINT 

THE FIRST OPND LOCATED IN THE FLTC POINT 

REG SPECIFIED BY Ri IS STORED AT THE 

EFFECTIVE ADDRS GENERATED BY X2.D2 AND B2. 

THE STORED OPND AND THE CONDITION CODE 

REMAIN UNCHANGED 

LOAD FLOATING POINT 

THE SECOND OPND WHICH IS LOCATED IN 

MAIN STORE AT THE EFFECTIVE ADDRESS GENERATED 

BY X2, B2 AND D2 IS PLACED IN THE FIRST OPND 

POSITION WHICH IS THE FLTG. POINT REG. 

SPECIFIED BY Rl. THE LOADED OPND AND THE 

CONDITION CODE REMAIN UNCHANGED 



'FLOATING POINT 
LOAD 



SET B0 REGISTER 
SETY0-1AND 

TRAP IF 
ISA OR PSA 





B0 = 
10 CR 0010 FOR 

SHORT OR 

10 CR 0100 FOR 

LONG 



OPND 2 HIGH HFWD 

TO CREG AND 

REWRITE 



FETCH OPND 1 

HIGH HFWD TO 

D REGISTER FOR 

STORING 



OK001 
OH04lT 



INCREMENT MAIN 

STORE ADDRESS 

CLEAR OPND 1 

HIGH HFWD 




INCREMENT 

MAIN STORE 

ADDRESS 

CLEAR OPND 1 



INCREMENT 
STORE ADDRESS 
FETCH OPND 1 
TO C REGISTER 



-® 



ADD STATS TO B0 

AND TEST ALU6 

FOR EXIT. LOAD 

OPND 2 OR REWRITE 

OPND 1 FROM CREG 

FETCH NEXT 

HFWD OF OPND 2 



LOAD- EXIT 



CLEAR OPND 1 
LOW HFWD. 



STORE- EXIT 




STORE -NO EXIT 



LOAD- NO EXIT 



OPND 1 LOW HFWD 

INTO D REGISTER 

FOR STORING 



E 



ADD A HALF TO 
Rl ADDRESS 
TRAP IF ISA 



<D 



LOAD AND REWRITE 

OPND 2 LOW HFWD 

OR STORE AND 

REWRITE OPND 1 

LOW HFWD 



ADD A HALF TO 
Rl ADDRESS 

OPND1 INTO 
D REG FOR 
STORING TRAP 

IF ISA OR PSA 



-© 



Q 



LOAD-ODD PA 
STORE-EVEN PASS. 



£S/^ 



INSN 

FETCH 

OD001 



V 




TUP FLOP^ 
CY4) 



OPND 2 INTO C REG 

(FOR LOAD) 

STORE OPND 1 OR 

REWRITE OPND 2 



-4 



STORE-ODD PASS 
LOAD-EVEN PASS 






LOAD Rl ADDRESS 
HIGH HFWD. OPND 2 
INTO C REG. (FOR 

LOAD) 
STORE OPND 1 OR 
REWRITE OPND 2 



FIGURE 627. FLOATING POINT LOAD AND STORE (SHORT AND LONG) 



ENTRY DATA- RR 
AO A l 
1 



SKEW 



BO 
OP2I i 



R2 



CO CI 

OENb2 

HIGH HFWD 



DO 



OP1 



D1 



OP2« Rl I R2 



R2 



YA YB FUNC YCI YCD IZT 



1100 I XXO 



oocc 



00X0 



XOR 



. SHORT = 
LONG = 1 



gsrai 



ENTRY DATA- RX 



AO Al BO 

ADDR OF OPND 2 " 
HtGH HFWD 



B1 GO Cj DO PI 



SKEW 



YA YB FUNC YCI YCD IZT 




FLOATING POINT MULTIPLY, SHORT NMER DMC SECTION ICC, ROUTINE 01, STOP ON MS 
60F2. THIS OPERATION WILL USE FIGURES 628 AND 629. 



ROS 


FP REG 00 


fi) A18 


45100000 


© AA6 


45100000 


S A87 


45100000 


S ADO 


45100000 


S AF5 


45100000 


FIGURE 629 




© 887 


45100000 


52 8F7 


45100000 


® 92F 


45100000 


© 930 


45100000 


© 93E 


45100000 


© 84C 


45100000 


© 8CE 


45100000 


© 9AE 


45100000 



FP REG 02 


A REG 


BREG 


CREG 


DREC 


45100000 


60F2 


C009 


4510 


3C20 


45100000 


60F4 


2040 


4510 


0000 


45100000 


60F4 


2045 


4510 


4510 


45100000 


4AF4 


0010 


0020 


200C 


45100000 


4AF4 


0010 


0020 


200C 


45100000 


0000 


0060 


4A10 


0000 


4510bbbb 


0000 


0000 


4510 


0000 


4510bbbb 


0000 


0000 


4510 


0000 


4510bbbb 


0000 


0000 


0000 


0000 


bbbbbbbb 


0000 


0000 


0000 


4500 


bbbbbbbb 


0000 


0000 


0010 


4500 


bbbbOOOO 


0100 


0000 


0010 


4500 


bbbbOOOO 


60F4 


4910 


0100 


0000 



I OP Code I Rl I R2 I 

7 II 15 



I OP Code I Rl I X2 I B2T 



D2 



11 15 19 



OBJECTIVE 

TO SHOW THE INITIALIZATION FOR FLOATING POINT DIVIDE/MULTIPLY 



RX FLOATING 

MSTN^ON 
FETCH 



COPY OPERAND 2 FRACTION TO 
LOCAL STORAGE LOCATIONS 
2,3 -MULTIPLY SHORT 
0,1- DIVIDE SHORT 
0,1.2,3 MULTIPLY.DIVIDE LONG 
SET Y0* OPERAND 2 SIGN. 




OBJECTIVE 

TO SHOW THE INITIALISATION FOR FLOATING POINT DIVIDE/MULTIPiy 




DECREMENT OPERAND 2 

CHARACTERISTIC. 

SKEW OPERAND 2 FRACTION 

LEFT 1 DIGIT POSITION 




DECREMENT OPERAND 1 
CHARACTERISTIC. 
SKEW OPERANDI 
FRACTION 1 DIGIT LEFT. 




YES 



MULTIPLY 



(5 



SH2 




FIGURE 628. FLOATING POINT MULTIPLY/DIVIDE INITIALIZATION (SHEET 1 OF 2) 



QJ141 



SHI 



SH2 



QJ141 



COMPUTE INTERMEDIATE 
CHARACTERISTIC 



YES 



SHI 



V 




EXPONENT 
UNDERFLOW 



NO 



NOTE UNDERFLOW 
IN LS45 




NO 



QJ171 



STORE TRUE ZERORESULT 



INSTRUCTION 
FETCH 



COMPARE FRACTIONS. SET 
FLAG(Y1) IF FRACTION! > 
FRACTION 2. SKEW FRACTION 
2 LEFT 1 DIGIT POSITION. 
COMPUTE CHARACTERISTIC 
OF RESULT 



NO 




YES 



NOTE OVERFLOW 
IN LS45 



QJ151 



FORM2 BYTES OFEACH MULTIPLE 
OF FRACTION 2 AND STORE IN 
LOCAL STORAGE WORKSPACE. 
FOR MULTIPLY THE MULTIPLES 
ARE X2,3,6; FOR DIVIDE X2, 4,8 



DIVIDE 



QJ161 



INSERT CHARACTERISTIC AND 
SIGN IN RESULT REGISTER 



NO 



SHIFT OPERAND 1 
LEFT 1 BYTE POSITION 





QJ161 



INSERT INTERMEDIATE 
CHARACTERISTIC IN RESULT 
LOCATION. SET PARTIAL 
PRODUCT TO ZERO 



COPY 5 MOST SIGNIFICANT 
BYTES OF OPERAND 1 AND 
INTERMEDIATE CHARACTERISTIC 
TO LOCAL STORAGE WORKSPACE , 
SET PARTIAL PRODUCTTO ZERO 



SKEW FRACTION 1 
LEFT 1 DIGIT POSITION 



DIVIDE 
LOOP 
QJ281 



FUNCTION BRANCH ON 
FIRST DIGIT OF OPERANDI 



DIVIDE 
LOOP 
QJ281 




FIGURE 628. FLOATING POINT MULTIPLY/DIVIDE INITIALIZATION (SHEET 2 OF 2) 



THE FRACTION OF THE FLOATING-POINT 
OPERANDS ARE MULTIPLIED USING THE 
SAME ALGORITHM AS FOR FIXED POINT 
MULTIPLY. THE MICROPROGRAM IS 
WIDELY SHARED; STAT Y4 IS NORMALLY 
SET FOR FLOATING-POINT. 



FLOATING 
POINT MULTIPLY 
INITIALIZATION 

QJ161 







DIGIT = WITH NO 
CARRY FROM RIGHT 
ADJACENT DIGIT OR 
F WITH CARRY FROM 
.RIGHT AD JACENTDIGIT> 



FUNCTION BRANCH ON DIGIT 
VALUE WITH CARRY FROM RIGHT 
ADJACENT DIGIT AS C COND 



QJ031 



QJ041 



FETCH LOW HALFWORD OF MULTIPLE SELECTED 
ACCORDING TO DIGIT VALUE AND CARRY FROM 
ADJACENT DIGIT. SET YCD IF THIS DIGIT > 8 TO 
INDICATE A CARRY FORWARD TO THE NEXT DIGIT 
AND THAT IF 2 MULTIPLES ARE REQUIRED THEN 
THE SECOND IS TO BE SUBTRACTED. SET Y0 IF 2 
MULTIPLES ARE NEEDED. 



11 



10 



OFFSET SKEW 



NO SKEW 
OFFSET 



ADD/SUBTRACT MULTIPLE 
TO/FROM PARTIAL PRODUCT 
WITH MULTIPLE SHIFTED 
12 BITS LEFT 





0© 



00 



01 



00 



ADD/SUBTRACT MULTIPLE 
TO/FROM PARTIAL PRODUCT 
WITH MULTIPLE SHIFTED 
8 BITS LEFT 



SKEW 

NO OFFSET 



NO SKEW 
NO OFFSET 



ADD/SUBTRACT MULTIPLE 
TO/FROM PARTIAL PRODUCT 
WITH MULTIPLE SHIFTED 
4 BITS LEFT 



ADD/SUBTRACT MULTIPLE 
TO/FROM PARTIAL PRODUCT 




LONG 



LONG 



SHORT 



CONTINUE PROCESSING 
MULTIPLE AND PARTIAL 
PRODUCT 



QJ041 



QJ071 



SHARED LOOP TO PROCESS 
2ND AND 3RD HALFWORDS 
OF THE PARTIAL PRODUCT 



QJ051 




YES 



YES 





RESET Y0. RE-ENTER LOOP TO 
ADD/SUBTRACT X6 MULTIPLE 
ACCORDING TO YCD 







NO 



NO 








NO 



QJ041 



QJ051 



RESET Y0. RE-ENTER LOOP TO 
ADD/SUBTRACT X6 MULTIPLE 
ACCORDING TO YCD 



YES 



EXTEND SIGN OF PARTIAL 
PRODUCT OVER EXTRA BYTE 





YES 







J 



NO 



EXTEND SIGN OF PARTIAL 
PRODUCT OVER EXTRA BYTE. 
SET NO SKEW, NO OFFSET, 
SELECTLODIGITOFLO BYTE 
FOR BRANCHING. USE Yl 
FOR BYTE CARRY 



SET SKEW, OFFSET SELECT HI 
DIGIT OF HI BYTE FOR BRANCHING 



YES 



LONG 



QJ081 



NO 



SET OFFSET, NO SKEW. 
SELECT LO DIGIT OF 
HI BYTE FOR BRANCH- 
ING. USE Yl FOR 
BYTE CARRY 



NO 



SELECT XI MULTIPLE. RE- 
ENTER LOOP TO ADD THIS 
TO THE PARTIAL PRODUCT 
WITH APPROPRIATE OFFSET 



POST- 
NORMALIZATION ' 
REQUIRED^ 



NO 



YES 



<£> 



f Y3ISSETBUT\ 
( SKEW IS NOT ) 
V USED / 



SET EXIT FLAG(Y6). 
FETCH HIGH ORDER BYTE 
OF OPERAND I TO D. SET 
SKEW, NO OFFSET. SELECT 
HI DIGIT FOR BRANCHING 



■<D 



QJ061 
QJ111 



NO 




YES 



NOTE UNDERFLOW 
IN LS45 




EXPONENT 
OVERFLOW 



NO 

4 



YES 



SHIFT PARTIAL PRODUCT 
1 HALFWORD RIGHT. 
FETCH NEXT HALFWORD 
OF OPERAND 1 TO D. 
SET EXIT FLAG (Y6) 
WHEN LAST BYTE IS 
FETCHED. SET SKEW, NO 
OFFSET. SELECT HI 
DIGIT LO BYTE OF HALF- 
WORD FOR BRANCHING 



NOTE OVERFLOW 
IN LS45 



RESHUFFLE RESULT FRACTION 
TO FINAL FORMAT. INSERT 
CHARACTERISTIC AND SIGN. 
RESTORE CONDITION REGISTER 
TO Y2, Y3 



QJ281 



QJ111 



OVERFLOW 



TRAP ROUTINE 



CHECK LS45 
FOR OVERFLOW 
or UNDERFLOW 



NEITHER 



UNDERFLOW 



FROM DIVIDE 
FIGURE 630 




TRAP ROUTINE 



I -FETCH 



FIGURE 629. FLOATING POINT MULTIPLY LOOP 



FLOATING POINT DIVIDE, SHORT DER DMC SECTION 1C6, ROUTINE 
09, STOP ON MS 6238 



EACH DIGIT OF THE QUOTIENT FRACTION IS FORMED BY COMPARING 
PARTIAL REMAINDER IN TURN WITH THE X8, X4, X2, and XI MULTIPLES 
OF THE DIVIDED. WHEN A MULTIPLE IS LESS THAN OR EQUALS THE 
PARTIAL REMAINDER IT IS SUBTRACTED BETWEEN THE FORMATION OF 
SUCCESSIVE QUOTIENT DIGITS. THE PARTIAL REMAINDER IS SKEWED 
LEFT ONE DIGIT POSITION. 




© 
© 
© 
© 
© 
© 
© 
© 



ROS 


FPREG02 


FPREG06 


A REG 


BREG 


C REG 


DREG 


A56 


45150F75 


42345000 


1A28 


4700 


150F 


7500 


9D6 


45150F75 


42345000 


1A28 


4700 


150F 


7500 


986 


45150F75 


42345000 


0000 


4701 


150F 


7500 


9C9 


45150F75 


42345000 


0D14 


4701 


15FB 


7500 


9E3 


45150F75 


42345000 


068A 


4702 


07FB 


7500 


9D1 


45150F75 


42345000 


068A 


4703 


0171 


7500 


9ED 


bbbbOF75 


42345000 


0645 


4515 


0171 


7500 


9EF 


bbbbOF75 


42345000 


6745 


4515 


0034 


5000 


A6F 


45671000 


42345000 


0045 


1000 


0000 


0000 




FLOATINGPOINT 

DIVIDE 
INITIALIZATION 



FIGURE 628 




STORE QUOTIENT BYTE IN 
LOCAL STORAGE. SET NEXT 
QUOTIENT BYTE TO ZERO 



INSERT QUOTIENT BYTE IN 
LOCAL STORAGE. SET NEXT 
QUOTIENT BYTE TO ZERO 



NO 



SKEW PARTIAL REMAINDER 
DOUBLE QUOTIENT BYTE 




FIGURE 629 



SELECT 8 MULTIPLE. COMPARE 
HIGH ORDER BYTES OF MULTIPLE 
AND PARTIAL REMAINDER 



QJ281 
QJ221 




Equal 00 



SELECT 4 MULTIPLE. DOUBLE 
QUOTIENT BYTE COMPARE HIGH 
ORDER BYTES OF MULTIPLE AND 
PARTIAL REMAINDER 



— 



PR HIGH 



11 




Equal 00 



— © 



SELECT 2 MULTIPLE. DOUBLE 
QUOTIENT BYTE COMPARE HIGH 
ORDER BYTES OF MULTIPLE AND 
PARTIAL REMAINDER 



PR HIGH 




EQUAL 00 



SELECT 1 MULTIPLE. DOUBLE 
QUOTIENT BYTE COMPARE HIGH 
ORDER BYTES OF MULTIPLE 
AND PARTIAL REMAINDER 




PR LOW 



01 



COPY QUOTIENT BYTE 
TO REGISTER A0 



COMPARE NEXT 2 BYTES 
OF MULTIPLE AND PARTIAL 
REMAINDER 



PR HIGH 



TBJ11 



INCREMENT QUOTIENT BYTE 



QJ221 



QJ231 




PR LOW 



EQUAL 



INCREMENT QUOTIENT BYTE 



COMPARE REMAINING PARTS 
OF PARTIAL REMAINDER AND 
MULTIPLE 



— -© 



PR HIGH OR LOW 




PR LOW 



SUBTRACT MULTIPLE FROM 
PARTIAL REMAINDER 



RESTORE QUOTIENT BYTE 



— © 



FIGURE 630. FLOATING POINT DIVIDE LOOP 



ENTRY DATA 

AO A1 


BO 


B1 


CO CI DO D1 


ADDR of opNd 1 
HIGH HFWD 


12 

1 


00 

1_ . . 


OP2 


00 j^>^^] 2ND HFWD ^ ,NSN 



TEST UNDER MASK 




DMC SECTION 134, ROUTINE 06 


ROS REG 6 


REG 7 


A REG BREG C REG DREG 


343 OOFFFFFF 


FFFFFFFF 


01A2 0100 1001 0000 


36D OOFFFFFF 


00005D8C 


01CB 0400 0401 0000 


374 OOFFFFFF 


00006000 


4E24 0202 0200 F2FF 



SKEW 



FUNC YCI YCD IZT 




LOW BIT OF 
OPND 2 ADDR 



I Of Code | 12 J Bl | 



Dl 



OBJECTIVES 

THE STATE OF THE FIRST OPERAND 
BITS SELECTED BY A MASK ( IMMED 
DATA 12) IS USED TO SELECT A 
CONDITION CODE. 




FROM 

INSN 

| FETCH 

D031 



— <D 



SET ALU 
FUNCTION RECTO 
AND 



EVEN 




ODD 



AND MASK WITH 
BYTE READ FROM 
MAIN STORE (D0) 
PRESET CONDITION 
REGISTER «3 



AND MASK 

WITH BYTE 

READ FROM MAIN STORE 

(DD PRESET OONDITION 

REGISTER- 3 



NON-ZERO 




LOAD 
INSN ADDR. FROM 
LOCAL STORE TO A 
REG. 



SET CONDITION 
REGISTER = 
LOAD INSN ADDR TO 
A REG 




(IMMEO. DATAOrX 
BYTE UNDER I 
TEST IS ZERO J 



NO 




JTES. 



UPDATE MSN. ADDR 
READ FROM MAIN 
STORJL 



UPDATE INSN ADDR 
READ FROM MAIN 
STORE 



ED STORAGE 
f BITS ARE ALL ONES 
CONDITION REG 
\ALREADY PRESET -3 



) 



I TO INSN I 
I FETCH I 
|OD00d 




FIGURE 631 .TEST UNDER MASK (QP001) 



ENTRY DATA 

AO A) 



ADDR OF OPND 2 
HIGH HFWD 



Bl CO CI DO PI 

R3 j^X^ ^^CTC^*^] 2ND HFWD <* ,NSN 



YB 



NORMAL = 
EXECUTE = 1 



FUNC YC1 YCD IZT 



BRANCH ON INDEX HIGH BXH 06, 08 


DMC SEQION 172, ROUTINE 08 


ROS 


REG. 6 


REG 8 


A REG BREG C REG DREG 


5 34C 


7FFFFFF0 


00000001 


62CE 6800 6602 F2CE 


5 3E5 


7FFFbbbb 


00000001 


62CE 0F20 0600 FFF1 


$ 3CB 


7FFFFFF1 


00000001 


62CE 0000 6000 7FFF 


3) 3EC 


80000000 


800049AC 


4E24 3000 3026 4780 



OP2 ^>^^^^^^ ^>^^^>^^foOCC X010 Q ^^[^^D\ 



OP Code 1 Rl I R3 I B2 T 



D2 



15 19 



OBJECTIVES 

TO ADD THE 1ST OPND (Rl) TO THE 2ND OPND (R3) 

AND COMPARE THE RESULT WITH THE 

3RD OPND. (R3 OR R3+ l). DEPENDENT ON THE 

OPERATION (BRANCH ON INDEX HIGH OR BRANCH 

ON INDEX LOW OR EQUAL) THE RESULT OF 

THE COMPARE WILL CAUSE EITHER THE 

BRANCH ADDRESS (B2 + D2) OR THE INSTRUCTION 

COUNT TO CALL THE NEXT INSN. 

1ST OPND - Rl (CONTENTS OF) 
2ND OPND = R3 (CONTENTS OF) 
3RD OPND - R3 IF R3 IS ODD (CONTENTS) 

OR R3 + 1 IF R3 IS EVEN 
BRANCH ADD - B2 + D2 




M^IM^S) 




ADD LOW HFWD 
OPND 1 TO LO 
HFWD OPND 2 
R.O. OF LOCAL STORE 
OPND 3 



NO 




/'OPND 3 IS EITHER IN THE SAME 
r REG. AS OPND 2 IF OPND 2* REG 
L IS ODD OR IN THE NEXT SENIOR 
Vjre!fQPNpySREC.|SEVEfi 



^ 
V 



Y7^ 



YES 



SET UP SUBTRACTS 
FOR COMP OPERATION 



SET UP SUBTRACT *P* 
FOR COMP OPERATION 



COMPARE LO 
HFWD OF RESULT 
OF OPND 1 AND OPND 
2 WITH LO HFWD 
OPND 3 



Ir 



-© 



REWRITE SUM 
OF OPND1AND 
OPND 2 INTO REG. 1 
LOW ORDER 



RO HIGH ORDER 
Rl AND R3 ADD 
OPND 1 TO OPND 2 
HIGH ORDER HFWD 



/OFLO AND NEG 

OR 

POSITIVE AND 
MMO OFLO 



> 



READ INSTN CT 
INTO A REG 



READ HIGH ORDER 
HFWD RESULT 
OPND 1 AND OPND 2 
TO Rl 



RO OPND 3 AND 
COMP IT WITH 
RESULT OF OPND 1 
AND OPND 2 




(NO OFLO AND\ 
NEGATIVE OR \ 
OFLO AND I 

POSITIVE / 



USE BRANCH ADDRESS 
ALREADY FORMED IN 
A REG. 



READ HIGH ORDER 
HALF WORD RESULT 
OPND 1 AND OPND 2 
BACK TO Rl 




FIGURE 632, BRANCH ON INDEX (QE041) 



ENTRY DATA 

AO A1 


BO 


BI 


CO 


CI 


DO 


Dl 




ADDR OF OPND 2 
HIQH HFWD 


Rl | R3 EXZ 


OP2 


«DX 


BYTES 2-3 OF INSN 




SKEW H J YA YB FUNIC 


YCI YCD IZT 


OP2 


^>}<CI 


Z^H<CI 


oocc 


X010 


Q 


XXX 


RS 


NORMAL = — } 
EXECUTE = 1 

1 

1 


1 OP Code 1 R1 ( R3 | B2 1 D2 


7 

YS»SET S\ 
Y8*ID*IN 
Y9«MI«Mi 


11 15 19 

rSTEH MASK 
MBIT DUMP 
tSKABLE INTERRUPT 


3 



NO EXAMPLE SHOWN. 



OBJECTIVE 

TO ALTER SYSTEM MASK PSW BITS 0-»7 

1 READ SECOND OPERAND FROM MAIN STORAGE 

2 PLACE CONTENTS OF 2ND OPND 
INTO PSW BITS 0-»7 



| FROM | /^iQAD NEW 

[oanuj*" ^ psw 

T ♦ 64 TO 
SW ADDR 



5 



FROM 
IOD031 




SET SYSTEM 
MASK 



) 



FROM I 
\QC0Ul 




(INITIAL PSW "\ 
LOAP J 



SEY Y5«i 

SET J REG • 4 4 



(4 4 8 ADDRESSA 
OF SYSTEM MASK) 
IN LOCAL STOR / 



READ NEW SYSTEM 
MASK FROM 
MAIN STORAGE 
READ CURRENT SYSTEM 
MASK TO BREG 



(SET INHIBIT "\ 
DUMP STAT AND\_ 
MASKABLE l"* 

INTERRUPT STAjy 



SET YBMID 
SET Y9«1MI 





NO 



I PROG L ^PRIVILEGED 
[TIUpr VOPCRA TION 



) 





0i 






11 


ALU7 








i 


' 




' 




XFR SYSTEM MASK 
FROM D0 TO B0 
READ INSN ADDR 
FROM LOCAL STOR 
SET EXTERNAL 
MASK 














' 






XFR SYSTEM MASK 
FROM Dl TO B0 
READ INSN ADDR 
FROM LOCAL STOR 
SET EXTERNAL 
MASK 










1 



AND CHAN 1NTS 
WITH SYST MASK 
RESET YD STATS 
(ID AND Ml) 



YES 



UPDATE INSN ADDR 
SET MASKABLE 
INTERRUPT LATCH 




NNEL^ 
INTERRUPTS 



NO 



UPDATE INSN 
ADDR 




TOI 
I FETCH I 



FIGURE 633.SET SYSTEM MASK (QC021) 



ENTRY DATA 

AO Al 


BO B1 CO CI DO D1 


A&M OF" 6Pn5 2 
HIGH HFWD 


Rl 1 R3 j^>^^ OP2 


•XIXiX 


SKEW 


H J YA YB FUNC YCI YCD IZT 


OP2 ~^^> 


■j^^^^ nix i xxxo oocc xoox ^>^^j^^|^^^^ 




«_ Rl 


-t NORMAL = t t LOW BIT OF 
EXECUTE = 1 MS ADDR 



LOAD MULTIPLE LM DMC SECTION 12C, ROUTINE 07, STOP ON MS 63C0 



ROS 
351 
174 
1F5 



A REG 


BREG 


CREG 


DREG 


6080 


OFOO 


8000 


1111 


60BE 


OFFO 


0000 


6000 


60BE 


0FF0 


0000 


6000 



RS 



I OP Code I Rl I R3 | b7T 



D2 



11 15 19 



OBJECTIVES 

FOR LOAD MULTIPLE THE REGISTERS 
STARTING WITH THE ONE SPECIFIED 
BY Rl AND ENDING WITH R3 ARE 
LOADED WITH THE 2ND OPND. 
STORE MULTIPLE THE CONUNTS 
REGISTERS Rl THRU R3 ARE 
LOADED INTO MAIN STORE 
STARTING AT THE ADDRESS 
SPECIFIED BY OPND 2 




lOAD MULTIPLE) 




-fopRE MULTIPLE) 



<D 



SIT Y0tl AND 
TRAP f ISA 
OR PSA 



Rl IN Bl REG 
TRAP IF 



OPND 2 HIGH 
HFWD TO CREG 
AND REWRITE 




INVALID 



(R3+DINTOB0 

REGISTER OPNDl 

HIGH HFWD TOD REG 

FOR STORING 



TRAP 
ROUTINE 
OC0U 

V 



|(R1 + 0INTO B1REG 
ISTOREOPNDIHIGH 
HFWD AND REWRI TE 



INVALID 



VALID 




'MAINSTORI 
ADDRESS 




LOAD 



^LOAD^ „ 
OR STORE" 



STORE 



INCREMENT MAIN 
STORE ADDRESS 
CLEAR OPNDl 



INCREMENT MAIN 
STORE ADDRESS 
FETCH OPND 1 
TO C REGISTER 



TEST CURRENT 

RI-R3 FOR EXIT 

LOAD OPND 2 OR 

REWRITE OPNDl 

FROM C REG 

FETCH NEXT 

HFWD OF OPND L 



LOAD — EXIT 



10 



CLEAR OPND 1 
LOW HFWD 




J- 



OPNDl LOW HFWD 

INTO D REG FOR 

STORING 



STORE — 


NO EXIT 






} 1 




11 


OAD— NO EXIT 


01 


< 






! 


1 




ADD A HALF TO 
Rl ADDRESS 
OPNDl INTO 
D REGISTER 
FOR STORING 
TRAP IF ISA 
OR PSA 




ADD A HALF TO 
Rl ADDRESS 
TRAP IF ISA 





















[LOAD AND REWRITE 

OPND2LOWHFWD 

OR STORE AND 

REWRITE OPNDl 

LOW HFWD 








mmm. 



OPND 2 INTO CREG 

(FOR LOAD) 

STORE OPND I 

OR REWRITE 

OPND 2 



LOAD Rl ADDRESS 

HIGH HFWD OPND 2 

INTO C REG 

(FOR LOAD) 

STORE OPND 1 

OR REWRITE 

OPND 2 



FIGURE 634. RS LOAD AND STORE MULTIPLE (QH041) 



ENTRY DATA 

AO A1 


BO BI 


CO CI DO Dl 


ADDR OF OPND 2 
HIGH HFWD 


R1 


-EX 


OP2 


Rl [^>^^J 2ND HFWD OF INSN 



NO EXAMPLE SHOWN. 



SKEW 




FUNC YC1 YCD IZT 



IX^MXI 



NORMAL = 
EXECUTE = 1 



RS 



I OP Code | Rl 1 R3 | b7T 



D2 



U 15 19 



OBJECTIVES 

TO PERFORM THE RS LOGICAL SHIFT OPERATIONS 

(FOR DESCRIPTION OF OBJECTIVES OF EACH INSTRUCTION 

SEE THE PRINCIPLES OF OPERATIONS MANUAL) 



LEGEND 


SYMBOL 


MEANING 


ACHIEVED IN ji PROG BY 


1L 


SHIFT LEFT 1 


LEFT SHIFT FUNCTION 


4L 


SHIFT LEFT 4 


PASS O FUNCTION WITH SKEW 


IL4L 


SHIFT LEFT 5 


LEFT SHIFT FUNCTION WITH SKEW 


....8L 


SHIFT LEFT+B 


ADD A BYTE SHIFT TO LEFT 


16L 


SHIFT LEFT 16 


HALFWORD SHIFT TO LEFT 


1R 


SHIFT RIGHT 1 


RIGHT SHIFT FUNCTION 


....BR 


SHIFT RIGHT-W 


ADD A BYTE SHIFT TO RIGHT 


-..16R 


SHIFT RIGHT+J6 


ADD A HALFWORD SHIFT TO RIGHT 


EXAMPLE 


(4U6R)+(1R) 


SHIFT RIGHT13 


PASSO FUNCTION WITH SKEW TOGETHER 
WITH HALFWORD SHIFT TO RIGHT 
(LOOP 2), ALL FOLLOWED BY RIGHT 
SHIFT FUNCTION (LOOP 6) 




SHIFT LEFT SINGLE ARITHMETIC \ 
SHIFT RIGHT SINGLE ARITHMETIC \ 
SHIFT LEFT DOUBLE ARITHMETIC 1 
SHIFT RIGHT DOUBLE ARITHMETIC | 
SHIFT LEFT SINGLE LOGICAL 
SHIFT RIGHT SINGLE LOGICAL 
SHIFT LEFT DOUBLE LOGICAL 
SHIFT RIGHT DOUBLE LOGICAL 



SPLIT THE 6 BIT COUNT INTO 2 PARTS: 
HIGH 2 BITS FORM 'lb'S COUNT - ; 
LOW 4 BITS (COMPLEMENTED FOR RIGHT 
SHIFT) FORM 'CONTROL BYTE" FOR 
DETERMINING SHIFTS OF 8,4,261 



OL001 




FIGURE 635, SHIFTS 



ENTRY DATA 
AO 



A1 



BO 



CO 



ADDR OF OPND1 
HIGH HFWD 


■ !X 


OP2 


— r - 

1 

i 





2ND HFWD OF INSN 



CI 



DO 



D1 



FUNC YC1 YCD IZT 




AND 


Nl 


DMC 


SECTION 137, 


ROUTINE 01 






ROS 




A REG 


BREG 


CREG 


D REG 


(D 


349 




032C 


0000 


4003 


0000 


(2) 


368 




032C 


00FF 


4003 


0000 


(3) 


36B 




01C0 


DFFF 


4D01 


4400 



LOW BIT OF 
OPND 2 ADDR 



I OP Code T 



I Bl I 



Dl 



OBJECTIVES 



TO AND, OR, XOR OR MOVE THE 
IMMEDIATE DATA WITH THE BYTE 
SPECIFIED BY Bl, Di . 
THE CONDITION CODE IS SET 
ACCORDING TO RESULT FOR THE 
AND, OR, XOR OPS. IT IS 
UNCHANGED FOR THE MOVE OP 



TABLE I 



STAT SETTING 


OP 


MOVE 


AND 


OR 


XOR 


INDIRECT 
FUNCTION 


PASS P 


AND 


OR 


XOR 


Bl REG 
AT PONT A 


00CRX010 


lUiiili 


00000000 




00000000 


YCD AT 
POINT A 





1 








YSIATSAT 
POINT B 


00CRX010 


000029000 


02000000 


00000000 


Y STATS AT 
PONTC 


00CRX010 


00010000 


00010000 


00010000 



RESULT 
CR= 00 

RESULT 
CR=01 



FROM 
2*DLEVEL 
INSN FETCH 
OD031 



(\ I FROM I / \ I FROM I / \ 
XOR J— 2*DLEVEL ( OR ) 2nd LEVEL [ AND 1— 
/ INSN FETCH \ / INSN FETCH V J 



SET FUNCTION 
REG TO*XOR* 
SET YCD - 
SET B1»0 



FROM 
2nd LEVEL 
INSN FETCH 
QD031 



FROM 
2nd LEVEL 
INSN FETCH 
QD0ZL 



SET FUNCTION 
REG TO •OR' 

81 g .^ 




SET FUNCTION 
REG. TO •AND" 
SET YCD »1 

set bj yiuuui 



ODD 




FROM 
2ND LEVEL 
INSN FETCH 
QD031 



KMOVE ) 
/ 



SET FUNCTION 
REG TO PASS P 
STORE STATS N 
REG Bl 



EVEN 



USE FUNCTION 
REG TO PROCESS 
BYTE IN Di 




USE FUNCTION 
REG TO PROCESS 
BYTE IN 00 



YES 



[trap) 




NO 




YES 



WRITE BACK RESULT. 
CR- 01 FOR AND 
OR XOR 

STATE RESTORED 
FOR MOVE 



-© 



WRITE BACK RESULT. 
CR=00 FOR AND 
OR XOR 
STATE RESTORED 
FOR MOVE. 



-© 



llOINSNl 

FETCH 
lQD00i| 



FIGURE 636 SI OPERATIONS, AND, OR, EXOR, MOVE (QP001) 



ENTRY DATA 

AO AL 



ADDR OF OPND 1 
LOW HFWD 



JO 



B1 CO a 

LXI^IXS » 1X1 



DO 



Dl 



2ND HFWD 
OF INSN 



NO EXAMPLE SHOWN. 



SKEW 



FUNC YCI YCD IZT 




I OP Code I 12 I Bl I 



"DP 



OBJECTIVES 

WWTE THE BYTE DESIGNATED BY THE OPERAND 
AOORESS IS MADE AVAILABLE AS A SET 
OF DIRECT-OUT STATIC SIGNALS. THE 12 
HELD IS MADE AVAILABLE SIMULTANEOUSLY 
AS A SET OF TMWG SIGNALS. 

READ A DWECT-N DATA BYTE IS ACCEPTED 
FROM AN EXTERNAL DEVICE AND PLACED 
IN THE LOCATION DESIGNATED BY THE 
OPERAND ADORESS. 




READ OUT PROG. 
MASK INTO C REG. 
READ BYTE OF DATA 
(OPND 2) FROM MAW 
STORE 



OC03L 
OCi5f 



SUPERVISOR STATE 
AND WRITE 
00 




WRITE fifTTE OF 
OPND 2 BACK TO 
MAIN STORE 



10 



PROBLEM 
STATE 



SUPERVISOR STATE 
1 AND READ 



WRITE BYTE OF 
OPND 2 BACK TO 
MAIN STORE 



WRITE BYTE OF 
OPND 2 BACK TO 
MAIN STORE 



WRITE BYTE OF 
DATA FROMD0 
OR DL.FADDR 
EVEN OR ODD 
TO DATA REG. 





WRITE BYTE OF 
OPND2 BACK TO 
MAIN STORE. 
SETY7*1 IF 
OPND 2 ADDR IS 
ODD. 



LOOP ON THIS 
MICROPROGRAM 
WORD UNTIL HOLD 
DROPS 



STORE DATA 
IN B REG. 




IE BYTE OF 
DATA IS STORED 

MEANS OF 
THE Si MOVE OP 






FIGURE 637, READ DIRECT AND WRITE DIRECT (QC031) 



ENTRY DATA 

AO A1 


BO Bl CO CI DO Dl 


1 A6&rc*Opn[>2 

1 HIGHHFWD 


« I •» LXI°« 


Rl j^>^] BYTES 2-3 OF INSN 



SKEW 




H 




J 


OP2 


^>}<C1 1 Z>t<Z 


SI 


IQPCode 


1 12 


1 Bl | 


Dl 


ZJ 



OOCC 



YB 



X010 



NORMAL = 6 I 
EXECUTE = 1 



FUNC YCI YCD 1ZT 




DMC SECTION 124, STOP AT MS 641E 

A REG BREG C REG DREG 

6050 0000 2000 F050 

65E0 0004 0000 49D8 

0834 0004 0000 0834 

OCAC 3000 3004 OCAC 



° 1X1X1X1 



15 19 




(Y5 On is SoX 
System Motk f- 



QC021 



5 



Byte Address Even 
Y5 On 



6 



Y7 Is On 
Y4,Y5,Y6AreOff 
Exit From Store PSW Routine 



Set ID and Ml 
CImt LSTOK Location 4 





Set Up The Address Of The First Half 
Word From The New PSW Into Main 
Storage. 



00 



Byte Address Odd 
Y5 0n 



Byte Address Even 
Y5 0ff 



Byte Address Odd 
Y5 Off 



Set The New PSW's 
First Ha If Word Into 
LSTOR Loc.44(Hex) 



Yes 




Initiate Log Out 
Machine Error 



Set External Mask 
Latches From 
Syst. Mask Bits In 
New PSW Reset ID 



Sot Mask Latches 

From System Mask Bits 

in Now PSW Reset ID and Ml 



[Clear LSTOR Loc 44 (HexF| 



(Reset Y0,Y1,Y4, 
Y5,Y6,Y7 



Claw LSTOR Loc 4$ and 47 
(Hox) Sot Y2, Y3 To CC Valoo 
Of Now PSW 



On 




Y7 



Off 



Set Key Reg To New Key Value 
Reset Error Stat 





SH2 



FIGURE 638. LOAD PSW (SHEET 1 OF 2) 



SHI 



QC051 




MPX SCI SC2 



Go Back To Store 
PSW Routine 
QC011 



LDB = Load Stat 
CAS Sheets QC021, QC091, QC071, QC051 



FIGURE 638 LOAD PSW (SHEET 2 OF 2) 



ENTRY DATA 

AO A1 



c 



AbbR&frNbi 

HIGH HFWD 



80 B1 9° 

I"I»CXI4 



R1 I 



M 



DO 



-&L 



2ND HFWD OF INSN 



NO EXAMPLE SHOWN. 



SKEW 



IXIX!^ 



YA 



11 IX I XXXO 



OOCC 



YB 



X010 



FUNC YCI YCD IZT 



NORMAL = 
"EXECUTE = 1 



m 



RS 



I OP Cod. I R1 I R3 I B2 I D2 I 

7 11 15 19 31 



EFFECTIVE MCRO PROGRAM ADDRESS 
CONTENTS OF 82 + D2 
Ri R3 * STATS SETTINGS 



OBJECTIVE 

TO PERFORM THE DIAGNOSE INSTRUCTION 

DETERMINED BY THE SETTING OF THE YA AND YB 

STATS 
(Ri) (R3) 
YA YB 



FROM 
INSN 
FETCH 



SET INHIBIT DUMP LATCH 
CLEAR LOCATION 08 IN 
LOCAL STORE 



READ OUT LOCAL STORE 
LOCATION 4 4 



FUNCTION 



(fSW BIT 15-0) - 



0000 
0000 
0000 
0100 
0100 
0100 
0000 
0100 



0001 
0011 
1001 
1000 
0000 
0010 
0110 
0110 



XFER LOCAL STORE TO LOCAL STORE TO ONE EXTENDED WORD 

XFER LOCAL STORE TO LOCAL STORE FROM ONE EXTENDED WORD 

CLEAR A LOCAL STORAGE WORD 

XFER A LOCAL STORAGE WORD TO BUMP 

XFER BUMP TO LOCAL STORE 

CYCLE A BUMP WORD 

CYCLE SPLS WORD CPU 

CYCLE SPLS WORD MPX 




(THIS IS THE SYSTEM \ 
MASK PROTECT J 

PART OF LOCAL STORE J 



MONITOR 
STATE 



SET YA STATS = Rl SET YB STATS 
= R3 WRITE EFFECTIVE ADDR. 
INTO LOCAL STORE LOCATION 08 



UNOUMP 




SET EFFECTIVE ADDRESS INTO 
ROAR. VALIDATE H 6 J REG 
RESET INHIBIT DUMP STAT. 



-(pSW BIT 15=7) 



SET TRAP CODE 2 INTO Bl 
REG RESET INHIBIT DUMP 
LATCH READ EFFECTIVE ADDRj 
INTO LOCAL STORE LOCATION 
08 




/THIS ADDRESS \ 
r MUST REFER TO THE ) 

LOW ORDER OF A 
v PAIR OF ADJACENT 1 
llPCAL STORE KXW 



AX A0 



Al 



READ OUT FIXED POINT REG 
ZERO INTO A REGISTER . 




ADDRESS OF ADDRESS OF 
ISTL.S.LOC2NDLS.LOC" 



/THIS INFORMATION 
f WAS STORED I 
FIXED PONT F 
KQ BEFORE THE 

VgPERAjIgH SJARTg/ 



1ATION \ 
D IN \ 

r REGISTER) 
HE I 

STARTED/ 



TRANSFER LOCATION 1 ADDRESS 
TO H.REG. TRANSFER LOCATION 2 
ADDRESS TO J REG. 



/xFER LOCAL \ 
/STORE TO LOCAL \ 
ISTORE (FROM F 
\EXTENDEPWOROy 



READ OUT 1ST LOCATION 
TO C REG. 



D5E11 




XFER LOCAL I. . . . 
TO LOCAL STORE 
( TO EXTENDED 
WORD)OR CLEAR 
A LOCAL STORE 
WORD 



WRITE BACK THE CONTENTS OF 
FIXED FONT REGISTER READ 
OUT MAIN STORE OR BUMP. 



YES 



CLEAR 2ND LOCATION 
LOW ORDER BYTES. 



Y4=l (CLEAR) 



READ 2ND LOCATION LOW 
ORDER BYTE INTO C REG 



READ OUT 2ND LOCATION BYTE 
INTO B REG. 



/FROMEXT*NDED\. 



Y6-i 




^DIRECTION^ 
OF XFER 



Y6-0 



SET EXTENSION BITS FROM 1ST 
LOCATION TO Bl REG WRITE 
THE CONTENTS OF 1ST LOCATION 
TO THE LOW ORDER PART OF 
THE 2ND LOCATION 



-C 



EXTENDED N 
WORD ) 



WRITE BACK 2ND LOCATION 
LOW ORDER BYTE. SET Bl REG 
INTO THE CX REG. 



STORE HIGH ORDER PART (BREG) 
(MODIFIED BY EXTENSION BITS) 
OF 2ND LOCATION IN LOCAL 
STORE. 



RESTORE CONTENTS OF LOC* 1 
OR WRITE IOW ORDER BYTE 
OF 2ND LOCATION WITH 
MODIFIED EXTENSION BITS(CREG) 
INTO LOCATION 1 




CLEAR FIXED POINT REG ONE 
OR TWO SET REG Bl TO 



0-»3 
STORE TAG 



4+7 
CPU CHAN TAG 



''STORAGE^ 
^PROT.LOCSTOR 
" ^ OPERATION^ 
stY5)^ 



WRITE CONTENTS OF MAIN 
STORE JUST READ OUT TO FIXED 
POINT REGISTER ONE WRITE BACK 
MAIN STORE. 




WRITE B REG (STORE PROTECT 
DATA ) TO LOCAL STORE FIXED 
POINT REG. ONE. WRITE BACK 
MAIN STORE 



YES^CYCLEOP^ 
(Y6) 




YA-0 00 



(BUMP 




TRAP F THE STORAGE ADDRESS 
WAS INVALID PS A AND YM ARE 
NOT CHECKED Y0-0 



(SPLS) 




STORAGE MODIFICATION 
OPERATION 



READ AGAIN MAN STORE 
TO CLEAR IT. 



WRITE BACK THE CONTENTS OF 
FIXED POINT REGISTER ZERO. 




CYCLE STORAGE PROTECT WORD 
OPERATION 



READ AGAN MAIN STORAGE TO 
READ OUT SPLS STORAGE 
SET NEW DATA INTO THE STORAGE 
PROTECT REGISTER. 



WRITE BACK TO MAN 
STORE THE CONTENTS OF 
FIXED POINT REGISTER 
TWO OR FIXED POINT REG 
i IF Y4= 1 



NO (LOCAL STORETOBUMPy 




WRITE BACK TO SPLS THE 
CONTENTS OF HXED POINT REG 
TWO 



(IS TO BUMP) 

NO 



YES (BUMP CYCLING) 




(BUMP CYCLING) 



END OF CYCLING OR OR XFER 
LOCAL STORE TO BUMP. TRAP 
IF THE STORAGE ADDRESS WAS 
NVALID. 





TURN ON Y7 TO EXIT NEXT 
TIME ROUND, CONTINUE 
CYCUNG READ AGAIN MAIN 
STORE 



FIGURE 639, DIAGNOSE INSTRUCTION (QS 101) 



ENTRY DATA 

AQ Al 

ADDR OF OPND 2 
HIGH HFWD 



Bl 



TRANSLATE TR 
THEN STOP ON MS 617A 



DMC 



SKEW 



OP2 



YB 
OQXX 



FUNC YCI YCD IZT 



t: 



« cxq xpx j 




SECTION 183, 


ROUTINE 02 


STOP ON MS 61 7A 


A REG B REG 


CREG 


DREG 


6A68 0000 


6868 


FFFF 


6868 0068 


6768 


33FE 


679B 009B 


3768 


33FE 


6868 FF68 


67CC 


CCFE 



-LOW BIT OF OPND 2 ADDR 
- LOW BIT OF OPND 1 ADDR 



ss 



1 OP Code 1 L 1 BJ"T 



Dl 



15 19 



31 35 



D2 



OBJECTIVE 

BYTES OF THE FIRST OPERAND. ARE 

USED AS ARGUMENTS TO REFRENCE THE 

LIST DESIGNATED BY THE SECOND OPERAND 

ADDRESS. EACH RESULTING FUNCTION BYTE 

REPLACES THE CORRESPONDING ARGUMENT 

BYTE IN THE FIRST OPERAND. 




FROM 2nd LEVEL 
INSN FETCH 



) 



/ 



/ 



/ 



/ 



CLEAR WORKSPACE IN LOCAL 
STORAGE LOAD ADDRESS 
OF FIRST ARGUMENT BYTE 



QP061 

OP07i~ 



/ 



/ 



READ NEXT ARGUMENT 
BYTE FROM MAIN STORAGE 



EVEN 



USE D0AS ARGUMENT 
BYTE 




"•decrement 

AND TEST 
LENGTH COUNT (YCD) 
RESULT ADDR 
EVEN (X6h 



STORE EVEN ADDRESS 
RESULT BYTE. READ NEXT 
ARGUMENT BYTE TO Di 



ODD 



USE Dl AS ARGUMENT 
BYTE 



<F 



STORE LAST RESULT BYTE IN 
EVEN ADDRESS 



-O 



INSN 

FETCH 

OP031 

QD001 



FORM ADDRESS OF FUNCTION 
BYTE BY ADDING ARGUMENT 
BYTE TO ADDRESS OF 
OPND 2 




PROCESS CARRY 



READ FUNCTION BYTE FROM 
MAIN STORAGE 



NO 




STORE RESULT BYTE IN ODD 
ADDRESS.THE EVEN ADDRESS 
BYTE WHICH WAS BUFFERED 
IN LOCAL STORE LOCATION 
(40) IS STORED AGAIN 



STORE RESULT BYTE IN 
ODD ADDRESS 



FORM ADDRESS OF NEXT 2 
ARGUMENT BYTES 



FIGURE 641* SS TRANSLATE 



ENTRY DATA 

AO A1 


BO 


Bl CO 


Cl 


DO 


D1 




ADDR OF OPND 2 
HIGH HFWD 


L 


i *v^n ADDR OF opnd ' 

i-^^>J HIGH HFWD 






SKEW H 


J YA 


YB 


FUNC 


YCI YCD IZT 


OP2 


4 


2 


^^H^CZ 


oocc 


OOXX 


OR 


XXIX 












1- 


— LOW BIT OF OPND 2 ADDR 

— LOW BIT OF OPND 1 ADDR 



TRANSLATE AND TEST TRT DMC 

ROUTINE 02. STOP ON MS 6182 



SECTION 185, 




A REG BREG C REG DREG 

6750 0000 6850 FFFE 

6794 0094 6750 4409 

6794 10BB 6850 0000 



I OP Code I L 1 BlT 



T5T 



B2^ 



D2 



31 35 



OBJECTIVE 

BYTES OF THE FIRST OPERAND ARE 
USED AS ARGUMENTS TO OBTAIN 
FUNCTION BYTES FROM THE LIST 
DESIGNATED BY THE SECOND 
OPERAND ADDRESS. THE OPERATION 
PROCEEDS UNTIL THE FIRST OPERAND 
FIELD IS EXHAUSTED OR UNTIL A 
NON-ZERO FUNCTION BYTE IS 
REACHED. W THE LATTER CASE THE 
FUNCTION BYTE AND CORRESPONDNG 
ARGUMENT ADDRESS ARE INSERTED 
IN GENERAL REGISTERS. THE 
CONDITION CODE IS SET BY THE 
OPERATION. BOTH OPERANDS REMAIN 
UNCHANGED. 




CLEAR WORKSPACE IN 
LOCAL STORAGE. 
LOAD ADDR OF FIRST 
ARGUMENT BYTE 



OP071 




READ 2 ARGUMENT BYTES 
FROM MAIN STORAGE 



ADD EVEN ADDR ARGUMENT BYTE 
TO ADDR2 TO FORM THE ADDR 
OF THE FIRST FUNCTION BYTE 




'WHEN THE ADDR OF THE F«ST> 
ARGUMENT BYTE IS ODD, THE 
BYTE IN THE EVEN ADDR IS 
IGNORED AND EFFECTIVELY THE 

iFIRST BYTE IS USED TWICE 



/CONDmONV 




YES 



(THIS PART OF \ 

THE MICROPROGRAM ' 
IS SHARED WITH , 

SS TRANSLATE J 



PROCESS CARRY 



READ FIRST FUNCTION BYTE 
FROM MAIN STORAGE 




ADD ODD ADDR ARGUMENT 
BYTE TO ADDR 2 TO FORM THE 
ADDR OF THE SECOND 
FUNCTION BYTE 




Of>081 



YES 



PROCESS CARRY 





FETCH SECOND FUNCTION 
BYTE FROM MAW STORAGE 




NO 



FORM ADDR OF NEXT 2 
ARGUMENT BYTES 



INSERT FUNCTION BYTE 
IN GENERAL REGISTER 2 



INSERT ARGUMENT ADDR 
IN GENERAL REGISTER 1 



SET CONDITION REGISTER 
•2 IF LENGTH COUNT- 
"1 F LENGTH COUNT 
NON-ZERO 



| INSTRUCTION! 
FETCH 
OD00i^ 




FIGURE 642 SS TRANSLATE AND TEST 



ENTRY DATA 
AO 


Al 


■o 


Bl 


CO 


CI 


DO 


. Dl 


1 Abb* # OpND 2 

1 HIGH HFWD 


1 t 


rxi 


AbbRd^OPNDl 
HIGH HFWD 




SKEW 




H 


j 


YA 


YB 


FUNC YCI YCD IZT 


OP2 




4 


I 

I 2 


^-^^i^^-^ 


OOCC 


OCKX 


« 1X1X1X1 


SS 








LOW BIT OF 
OPND 1 ADDR 


H 

1 
7 


LOW BIT OF 
OPND 2 ADDR 


ItV&xk \ 


V 


1 Bl 1 


bl 1 


B2" 1 D2 




3 
OBJECTIVES 


r 




15 19 


31 


35 


4; 





EDIT DMC SECTION 1EE, ROUTINE 01, STOP ON MS 60F8 




A REG 


BREG 


CREG 


DREG 


66E0 


0300 


66C0 


666C 


66C0 


03BF 


F040 


40BF 


66C0 


40BF 


F040 


BFBF 


66C0 


BFBF 


4040 


40BF 


66C4 


FE00 


4040 


4040 



THE FORMAT OF THE SECOND OPND (SOURCE') 
IS TO BE CHANCED FROM FUCKED TO ZONED 
AND EDITED UNDER CONTROL C* THE FIRST 
OPND (PATTERN) 

FOR FULLER DESCRIPTION OF OBJECTIVES REFER 
TO PRNCftES OF OPERATION MANUAL 



QD131 




READ FRST PATTERN 
CHARACTER AS FILL 
CLEAR WORKSPACE IN 
LOCAL STORE SET UP 
ASCII OR EBCDIC ZONE 



FETCH NEXT 2 PATTERN 
BYTES FROM MAIN 
STORAGE TRAP FNVALD 
OR PROTECTED ADDR 



SET ODD START 
FLAG (Y2) RESET 
S TRIGGER (Y6) 




f COUNT STILH 

V.PQSIT1VE J 



TQP121 



SET Y2-i FOR 
EXIT AFTER 
NEXT BYTE 



K COUNT EXRRES\ 
AFTER NEXT 1 




ANALYSE EVEN 
ADDR PATTERN 
BYTE , 



SEE FIG 644 

FOR SOURCE 
DIGIT BUFFER 
tEFILL OPERATION/ 



_OP14i_ 
OPlil 



T-^ n 



INSERT MARK 
ADDRESS IN 
GEN REGISTER 1 



\SXi?L ±=* 




/00H 

-f 01 •: 

I 10- 



DIGIT SELECT 
SIGNIFICANCE STAR' 
FIELD SEPARATOR 
MESSAGE INSERT 



RESET S TRIGGER 
tY6). RESET 
RESULT NON-ZERO 
FLAG (Y7).USE FLL 
CHARACTER FOR 
RESULT 




USE FILL 
CHARACTER 
FOR RESULT 



LE/*/E PATTttCN 

CHARACTER 

UNALTERED 



SET S TRIGGERS 
SET RESULT 
NON ZEROLY7) 
USE SOURCE 
DIGIT AS KESULT 
CHARACTER 




9 



FIGURE 643 EDIT, EDIT AND MARK ( QP091, QP101, QP121, QP131, QP141) (SHEET 1 OF 2) 



QP101 




ij) 



<&i 11 



LEAVE PATTERN 

CHARACTER 

UNALTERED 



SET MARK FLAG(W) 
SETS TRIGGER (Yb; 
SET RESULT NON 
ZERO fr7)tJSE SOURCE 
DOT AS RESULT 
CHARACTER LEAVING 
EVEN ADR UNDISTURBED 



Y2 = 1 - LAST CHAR OR ODO START CASE 

Y3 - I - EDIT 6 MARK 

Y4 = I - MARK FLAG 

Y5 - i -CURRENT PATTERN ADDR ODD 

Y6 * I -S TRIGGER ON 

Y7 = 1 -RESULT FIELD NON ZERO 



FIGURE 643, EDIT, EDIT AND MARk(qP091, QP101, QP121, QP131, QPUl) 



(SHEET 2 OF 2) 



OBJECTIVE 

THIS SUBROUTINE IS USB) BT THE EDIT MICROPROGRAM TO FETCH 
UP TO 4 DIGITS FROM THE SOURCE FIELD. THE FORMAT OF THE 
DIGITS IS CHANGED FROM PACKED TO ZONED. THE DIGITS ARE 
PUT IN A LOCAL STORAGE BUFFER FOR USE WHEN REOURED 
IN THE MAIN EDIT LOOP. SPECIAL CODES ARE SET IN THE 
BUFFER FOR SIGNS OR INVALID DIGITS. 





READ 4 SOURCE DIGITS 

i »kik»ki l 

FROM MAIN STORAGE 
TO REGISTER D. 
UPDATE SOURCE ADDRESS 
USING REGISTER C 



3 . 

PREFIX DIGIT d2 WITH ZONE | 



HALFWORPrO 



NO 




PREFIX D IGIT d3 WITH ZONE 
HALFWQRD BoNEI BONEldT" 
TO LOCAL STORE LOCATION 



10 10 



TO LOCAL STORE LOCATION 
(0.2) 




HALFWORD r"0 BlGNgONg"dT 
TO LOCAL STORE LOCATION 
(0.2) 



| PREFIX DIGIT d0 WITH ZONE | 



READ HALFWORD FROM LOCAL 
STORAGE LOCATION (0,2) 
TO REGISTER B 





| PREFIX DIGIT 41 WITH ZoW\ 





HALFWORD I0 ISIGNgONfl W] 
FORMED IN REGISTER B 



HMfWORPEONff-g EDNfldl 
TO LOCAL STORE LOCATION 
(0.3) 




FIGURE 644 SS EDIT, REFILL (QP 091) 



ENTRY DATA 

AO Al 



ADDRESS OF OPND 2 
HIGH HFWD 



BO 



]^ 



CO 



C) 



DO 



D1 



ADDR OF OPND 1 
HIGH HFWD 



SKEW 


H 


J 


YA YB 


FUNC 


YCI YCD IZT 


OP2 


i 
4 1 2 

l 


m^T^CZ 


OOCC 1 OCXX 


OR 


XDxIX 










• LOW BIT OF OPND 2 ADDR 
LOW BIT OF OPND 1 ADDR 



MOVE NUMERIC 




ROS 


'0 


C02 


(2) 


CB2 


(3) 


C8E 


(*) 


C7C 



DMC SECTION 17D, ROUTINE 01, STOP ON MS 6108 



A REG 


BREG 


CREG 


DREG 


6978 


0000 


6958 


F1F1 


6978 


0000 


697A 


F1F1 


6958 


F100 


69FF 


0000 


6958 


0001 


6901 


0100 



SS 



I OP Code I 
7 



mr 



"dT 



HE 



D2 



OPND 1 = DEST 
OPND 2 = SOURCE 



OBJECTIVES 

FOUR BITS FROM EACH BYTE OF THE SECOND 
OPERAND FIELD. REPLACE THE CORRESPONDING 
4 BITS IN THE FIRST OPERAND. 
FOR MOVE NUMERIC THE LOW ORDER 4 BITS 
ARE USED, FOR MOVE ZONES THE 4 HIGH 
ORDER BITS. FOR OVERLAPPING FIELDS 
MOVEMENT IS LEFT TO RIGHT THROUGH EACH 
FIELD, ONE BYTE AT A TIME. 




UPDATE DEST ADDRESS ""[ 



READ NEXT 2 SOURCE BYTES. 
UPDATE SOURCE ADDRESS 




MASK EVEN ADDR SOURCE 
BYTE AND BUFFER BYTE FOR 
ZONES OR NUMERICS ONLY 



YES 



FIRST STORAGE BYTE TO 
LOCAL STORAGE BUFFER 




MASK TWO SOURCE BYTES 
FOR ZONES OR NUMERICS 
ONLY 



NO 



OVERLAP 
sXYCl)^ 



ODD ADDR SOURCE BYTE TO 
LOCAL STORAGE BUFFER 

I 



MASK TWO DEST BYTES FOR 
NUMERICS OR ZONES ONLY 



, : 



YES 



USE FIRST SOURCE BYTE FOR 
BOTH BYTES OF RESULT 




OVERLAP 
(YCI) 



NO 



FORM 2 RESULT BYTES AND 
XFER TO MAIN STORAGE 



00 10 



OP011 

OP021 



OP02JL 
OP05J. 

_OP05J. 
OP0J.1 



YCD 



FIGURE 647 SS LOGICAL OPERATIONS - MOVE NUMERIC, MOVE ZONE 



ENTRY DATA 

AO Al 



ADDR OF OPND 2 
HIGH HFWD 



BO 



^ 



SL. 



ci 



ADDR OF OPND 1 
HIGH HFWD 



SKEW 



OP2 



YA 



OOCC 



DO 



D1 



MOVE CHARACTER DMC SECTION 141, ROUTINE 18, STOP ON MS 676C 



YB 



FUNC YCI YCD IZT 



OCKX 



T^ 



IXb<W 




A REG 


BREG 


C REG 


D REG 


6CF8 


0300 


0008 


F8F9 


6CF8 


0303 


00FA 


F8F9 


0008 


F8F9 


6C02 


F8F9 


6CFC 


6C00 


6CFE 


FCFD 



-LOW BIT OF OPND 2 ADDR 
-LOW BIT OF OPND 1 ADDR 



SS 



lap&xie 



~w 



TKL 



ITT 



D2 



15 19 



31 35 



47 



OPND 1 - DEST 
OPND 2 - SOURCE 

OBJECTIVE 

BYTES FROM THE SECOND OPERAND FIELD ARE COPIED 
TO THE FIRST OPERAND LOCATION. MOVEMENT IS LEFT TO 
RIGHT THROUGH EACH FIELD A BYTE AT A TIME 




^OVERLAP IS DEFINED AS 
THE CASE WHERE DEST 
ADDR AND SOURCE ADDR 
41. THE FRST SOURCE BYTE, 

l IS PROROGATED THROUGH' 
~ THE DEST. FIELD 



READ DESTINATION 

3 



SET BYTE OFFSET FLAG (Y 7) 
READ 2 SOURCE BYTES 




HNSERT LAST BYTE W EVEN 
JADDR DESTINATION LOCATION 





FIGURE 648, SS LOGICAL OPERATIONS, MOVE COMPLETE 



ENTRY DATA 

AO Al 



ADDR OF OPND 2 
HIGH HFWP 



BO 



]^ 



CO CI 

ADDR 6f" OPND \ 
HIGH HFWP 



COMPARE LOGICAL CLC DMC SECTION 141, ROUTINE 08, STOP ON MS 631C 



SKEW 



SS 



FUNC YCI YCD IZT 



LOW BIT OF OPND 1 ADDR 



znr: 




A REG 


BREG 


CREG 


DREG 


6C00 


FD00 


6C00 


0001 


6C00 


FDFD 


6C02 


0001 


6C00 


0001 


6CFC 


0001 


6C02 


6CFC 


6CFA 


0203 



LOW BIT OF OPND 2 ADDR 



I OP Code I L I Bl 1 Pi I B2 I D2 1 

7 15 19 31 35 47 



DEST = OPERAND 1 
SOURCE = OPERAND 2 



OBJECTIVE 

THE FIRST OPERAND' IS COMPARED WITH THE SECOND OPERAND 
AND THE CONDITION CODE IS SET ACCORDINGLY. THE OPERATION 
PROCEEDS FROM LEFT TO RIGHT AND TERMINATES WHEN 
EQUALITY IS FOUND. 



li 



READ FIRST BYTE OF OPND 2 
FROM MAIN STORAGE 
UPDATE OPND 2 ADDR. 



OP 041 
OP051" 



10 

T 



SET Y7 =1 




01 



00 



BUFFER ODD ADDR BYTE 
OF OPND 2 IN REG B0 



| UPDATE SOURCE ADDR"H 



ODD 





EVEN 



READ FIRST BYTE OF OPND i 
FROM MAIN STORAGE 



SET BYTE OFFSET FLAG (Y7) 
READ 2 BYTES OF OPND 2 




I 



EQUAL 
UPDATE OPND 1 ADDR~~1 




NON ZERO 



T~ , 

UPDATE OPND 2 ADDRESS | 

-© 






YES . 


OTTE OFFSET 

S v s i Or 7) "/ 


s NO 




1 


< 


< ' 


BUFFER ODD ADDR BYTE 
OF OPND 2 TO REG C0 


MOVE 2 BYTES OF 
OPND 2 TO B REG 











READ 2 BYTES OF OPND i 
UPDATE OPND 1 ADDR 



COMPARE OPND 1 (REG.D) 
AND OPND 2 (REG B) 



QP051 




READ 2 BYTES OF OPND 2 
UPDATE OPND 2 ADDRESS 




LAST BYTE OF OPND 2 
TO REG B0 



READ LAST BYTE OF OPND 1 
FROM MAIN STORAGE 



NOT EQUAL 




EQUAL 



10 



QP011 




SET CONDITION REGISTER 
- 1 IF OPND 1 LOW 
* 2 IF OPND i HIGH 



* / OPERANDS \ 

IINSN FETCHT, I EQUAL \ 

L QD00LT \ CONDITION 1 

\^X^ V COPE-0 / 



OPERANDS 

EQUAL 
CONDITION 
CODE-0 



|INSN FETCH 
QO00i^ 




FIGURE 649. SS LOGICAL OPERATIONS, COMPARE 



o 

c 



o 

m 

n 
> 

r~ 
< 



X 

> 



CALCULATE 0920.4 09. 2 9 5, 9 3,7 W + 9 9,9 9,9G-) 

LOCAL STORE 



PRE -LOOP: LOAD BOTH OPERANDS FROM M. STORE INTO L. STOR. 
LOAD 2 i DIVISOR IN L.STOR 
COMPUTE RESULTANT SIGNS AND STORE IN Y6.Y7 
Q SIGN - -£- - — (Y6) REM. SICN - DIV SIGN-+(Y7) 



DIVISOR 


3 
2 

1 





9 

9 9 9 9 



DIVISOR 



2 k DIVISOR 


7 
6 
S 

4 






1 9 

9 9 9 8 



DIVIDEND(ENTRY) 
PARTIAL REM 




QUOTIENT 



DIVIDEND 



9 9 



I 9 2 4 18 5 I 

» »r \ — r-i — i i | 

9 9 9109 2 4 9'2l9l5l9'37 *■ » 
/ III! 



DIVISOR 



OP. 2 |9 9 t 9 9,9-1 



DIVIDEND 



OR! |0 9.2 0.4 0.9 2.9 5,9 3,7 + 1 



7 CHARACTERS 

(13 DIGITS + S) 



QUOTIENT 



I 
I 
REM. I 



OPl | 00 - 1-0092,04,18,5-100122+1 < ■ 



4 CHARACTERS 3 CHARACTERS 
(7 DIGITS+S) (S DIGITS+S) 



8 9 9 9 9 I 



I I I 

1 1 ' 



2 4 I 8 2 | I 

1 I 



19 9 9 



o.! ! 



* * 



s 4 q 



I I 



01 



4 I 8 4 9 5 | 

3 9 9 9 9 6 j 

18 4 9 9 9 

9 9 9 9 9 



8 5 3 
7 9 9 9 9 2 



5 117 
4 9 9 9 9 5 



REMAINDER - 



•I 2 2 



PARTIAL REM. 

IN L. STORE 

(BYTES ADDRD. 

UNDERLINED) 



A 
9 2 4 



0j 9 2 9 
5 9 3 7 




2 4 



0_9, 

5 9 



2 9 

3 7 



2 4 
I 8 2| 9 
5 9 3 7 



4 
18 4 9! 
5 9 3 7 



JL 

18 4 9 

JJ9 3 7 



18 4 9 
9 9i 3 7 



8 5 
0_0_3j7 



5 
I » 7, 



12 2 



SKEW 
fc/OR 
OFFSET 



SO 



SO 



SO 



SO 



SO 



SO 



SO 



SO 



NO 
OP. 



SEQUENCE 



TRIAL 
SUBTRACT 



GENERATE 
Q DIGIT 9 



GENERATE 
Q DIGIT 2 
L. STOR 
BYTE 9.2 



GENERATE 
Q DIGIT 



GENERATE 
Q DIGIT 4 
L. STOR 
BYTE 04 



GENERATE 
Q DIGIT 1 



GENERATE 
Q DIGIT 8 
L STOR 
BYTE IB 



GENERATE 
Q DIGIT 5 
L STORQ 
BYTE 5+ 



QUOTIENT 
COMPLETED 



MULTIPLES USED 

TO FORM 

QUOTIENT DIGIT 



-2-2-2-2-2+1 



- 2 - 2 f ' + I 



-2 f I f I 



-2-2-2+1+1 



■2 + 1 



-2-2-2-2-2 + 1 + 1 



•2-2-2+1 



EXIT TO 
QRI6I 



EXIT: 



ATTACH SIGNS TO Q AND REM, 
THEN MAIN STORE Q AND REM. 



NO OFFSET PATHS 
ADDRESSING CASES C-OCAL STORE) 



FROM 
QR151 



(NEXT DICItA 
ENTRY J 







L2 


fVEN 






DIVISOR 






D D 




PART REM. 


D 


D D D 






15 
















| 




R 


R 




R 


R 


R 


1 


R 


R 


R 




R P 


R 


R 


8 


R R 


R 


R 




R R 


R 


R 




i 










1 





ADD OR SUBTRACT 

FINAL BYTE 

WRITE DIVISOR BYTE 

TO LOCAL STORE 







L2 ODD 










D D D D 










D D D D 




















R 


R 


R R R 




R R 


R 


R 


R 


R R R 




R R 


R 


R 


R 


R 


* R 




R R 


R 


R 




1 








1 







DECREMENT 
COUNTER IN BL 




YES 



ADD OR SUBTRACT 

PENULTIMATE BYTE 

WRITE DIVISOR BYTE 

TO LOCAL STORE 



ADD OR SUBTRACT 
PENULTIMATE BYTE 
WRITE DIVISOR BYTE 
TO LOCAL STORE 



ADD OR SUBTRACT 
FINAL BYTE 



ADD OR SUBTRACT 

NEXT BYTE 
WRITE DIVISOR BYTE 
TO LOCAL STORE 



ADD OR SUBTRACT 
FINAL BYTE 




ADD OR SUBTRACT 
BYTE AND FOLLOWING 

EVEN BYTES 

WRITE DIVISOR BYTES 

TO LOCAL STORE 



ADD OR SUBTRACT 
PENULTIMATE BYTE 



ADD OR SUBTRACT 
BYTE1 AND FOLLOWING 

ODD BYTES 
READ DIVISOR MULTIPLE 

FROM LOCAL STORE 



READ NEXT 

REMAINDER BYTES 

TO A REG. 



WRITE REMAINDER 

BYTES IN 

LOCAL STORE 



ADD OR SUBTRACT 
FINAL BYTE 



INITIAL 
ENTRY TO 
OFFSET 



DECREMENT BYTE 

COUNTER IN REG. Bl 

READ OUT 

PARTIAL REMAINDER 

BYTES 



OFFSET PATHS 
ADDRESSING CASES (LOCAL STORE) 



ADD OR SUBTRACT 

BYTE0 AND FOLLOWING 

EVEN BYTES 

READ DIVISOR 

BYTE TO D REG 



R 
R R 
R R 









L2 


EVEN 










D 


D 














DIVISOR 






D 


D D 


D 


PART REM. 






R 


R 










15 

1 

8 


R 


R 


R 


R 




R 


R 


R R 


R 


R 


R 


R 




R 


R 


R R 




ADD OR SUBTRACT 

BYTE1 AND FOLLOWING 

ODD BYTES 

WRITE 

DIVISOR MULTIPLE 

IN LOCAL STORE 



WRITE REMAINDER 

WORD IN LOCAL 

STORE 




IADINC BYTES PROCESSED\ 
IN PAIRS UNTIL COUNT- ^ 
THEN EXIT DOWN PATH 
APPROPRIATE TO REMAINDER , 
BYTES AND DIVISOR LENGTH/ 
IN LOCAL STORE 



(ANALYSE RESULT AND SET\ 
UP FOR NEXT IX MULTIPLE* 
OR 2X MULTIPLE OR / 
.START NEXT Q DIGIT. / 



WRITE REMAINDER 

BYTES TO 

LOCAL STORE 



WRITE REMAINDER 

BYTES TO 

LOCAL STORE 



READ NEXT 
REMAINDER 
BYTES TO A REG. 



WRITE REMAINDER 

BYTES TO 

LOCAL STORE 



READ NEXT 
REMAINDER 
BYTES TO A REG. 



ADD OR SUBTRACT 
PENULTIMATE BYTES 



READ NEXT 

REMAINDER 

BYTES TO A REG. 



ADD OR SUBTRACT 
FINAL BYTES 



ADD OR SUBTRACT 
FINAL BYTES 



ADD OR SUBTRACT 
FINAL BYTES 




S PART REMfPLU?' 
OR MINUS 



PARTIAL REMAINDER ADDRESSED BY J REG. AND USUALLY HELD IN A REG. 
DIVISOR MULTIPLES ADDRESSED BY H REG. AND HELD IN D REG. 
DIVISOR LENGTH COUNT HELD IN Bl REG. 
QUOTIENT DIGIT FORMED IN B LOW ORDER 4 BITS 

FIGURE 652 DECIMAL DIVIDE ADD/ SUBTRACT PATHS ( QR141) 



NOTE- TO DISPLAY EIGHT ADDRESSING CASES 
WITH CLARITY, BOXES HAVE BEEN 
REPEATED AND BRANCH SHARING IGNORED 



± 



^DAD^ 

ORDSQ 

N PART REM PLUS' 

OR MINUS 



J 



ENTRY DATA 

AO A1 



ADDR OF OPND 2 
PLUS L2 



BO 



OP2 



| L2 
I 



CO 



CI 



ADDR OF OPND 1 
PLUS LI 



SKEW H J 

X * i 2 * i ° 


YA 
OOCC 


YB FUNC YCI YCD IZT 

"» xxxx 



ss 



1 OP Code | LI | L2 1 bT"T 



D1 



11 15 19 



TB2T 



31 35 



47 



DECIMAL MULTIPLY DMC SECTION 1E8, ROUTINE 02, STOP ON MS 6192 

ROS A REG B REG 

E02 6790 C000 

E06 678E 000C 

E3B 6787 0020 

E47 6771 0300 

E62 6771 5C00 

EB2 6771 0700 

E72 6771 0200 

4F7 6771 025C 



CREG 


D REG 


6771 


F790 


670C 


5C01 


FOOC 


0000 


10C2 


0060 


0700 


005C 


0020 


5C00 


07FB 


5CE0 


025C 


025C 



DATA 

OPND 2 

(OPND 2 <OPNDl) 



15 DIGITS + SIGN (MAX LENGTH) 
> 1 MULTIPLICAND | D 2 | S |D1 



DIGITS MUST BE ZERO 

A 



M DECIMAL \ 
A MULTIPLY J 



OPNPl-»» | | 



| MULTIPLIER |DS| S | Dl| 




<D 



PREDICT AND STORE PRODUCT 
SIGN IN LOCAL STORE. STRIP 
SIGN FROM OPND 2 



LAST DIGIT OF PRODUCT ALWAYS ZERO 



t 



(PRODUCT \ 
TO OPND 1 J 





.ERROR 



.ERROR^ 



<?) 




QR3ii 



LOCAL STORAGE 



LOAD MULTIPLES OF OPND 2 
INTO IOCAL STORE (H LOADS 
4X,J LOADS IX) 





3 

4 

7 
8 
11 

12 
,13 


PARTIAL 


PRODUCT 


4X 
MULTIPLE 


IX 
MULTIPLE 



GENERALLY 
ADDRESSED 
BY H REG 



GENERALLY 
} ADDRESSED 
BY J REG 



-® 



_QR3il_ 
QR321 



COMPLETE SET UP (COUNTS ETC.) 
CLEAR PARTIAL PRODUCT AREA 
IN LOCAL STORE 
0-3 IF LI* B 0-7 IF L1>B 



STORE CONDITION REGISTER IN 
LOCAL STORE . TO FR E E STATS 
Y2,Y3 FOR OTHER USE 



RESTORE CR FROM LOCAL 
STORE 




KD 



_QR3_2i_ 
QR331 



EXTRACT NEXT MULTIPLIER 
DIGIT XX1+-XX9.XX0 NO 
OPXXA PROPAGATE CARRY 



LOCAL STORE 
DURING ADD LOOP 



Li L2 | S 


CR 


DECREMENTED ADDR 


1 


ADDR i 




EXAMINE REMAINDER OF 
OPND IFOR ALL ZEROS 



SET ADD/SUBT FUNCTION SET 
LOCAL STORE ADDRESS OF 
MULTIPLE IN J REG 



SET LOCAL STORE ADDRESS 
OF PARTIAL PRODUCT IN 
H REG 



QR351 



ADD OR SUBTRACT LOOP 
FORM PARTIAL PRODUCT 
IN LOCAL STORE BY ADDING 
OR SUBTRACTING IX OR 4X 
MULTIPLES. WHEN MULTIPLE IS 
EXHAUSTED CARRIES AND 
BORROWS ARE PROPOGATED 



NEXT MULTIPLE DIGIT 




1SET Yb =0 FOR LAST PASSSTAt] 



DIGIT RECODE TABLE 



(D0) 

EFF 

DIGIT 


Y4 Y5 
SIGNS 
1st 2nd 


Y6 
SECOND 
CYCLE 


Y7 
CARRY 
-UP 


YB 


* 


- 


- 


- 





- 


1 





- 











2 








1 





2 


3 





1 


1 





6 


4 





- 











5 








1 





1 


6 


1 


- 







9 


7 


1 





1 




E 


B 


1 


1 


1 




F 


9 


1 


- 







9 


* * A 


- 


- 


- • 




- 


B— F 


INVALID 



* INVALID IF CARRY 
FROM PREVIO US DI GIT 
** A INVALID IF CARRY 
FROM PREVIOUS DIGIT 



r 



-© 



QR361 



YES 



RESTORE CRFROM LOCAL 
STORE AND SET UP 
PRODUCT SIGN 




RESTORE CR FROM LOCAL 
STORE 



QR371 



STORE PRODUCT IN MAIN 
STORE USING J AND Y7 FOR 
PRODUCT CNT. H. ADDRESS'S 
PARTIAL PRODUCT 





FIGURE 653 DECIMAL MULTIPLY 



ENTITY DATA 



AO A1 BO 11 CO CI DO D» 



SKEW 



^ 



PACK DMC SECTION 181, ROUTINE 02, STOP ON MS 622C, THEN STOP ON 
MS 62D2. THIS WILL INSURE THAT THIS IS THE FIRST PASS THROUGH THE LOOP. 



FUNC YCI YCD IZT 



OOCC 



IXIXIXM 



ROS 


A REG 


BREG 


CREG 


DREG 


C05 


65CE 


2010 


65D0 


2000 


866 


65CD 


OFOO 


65CB 


0000 


86F 


65D0 


EFOO 


65CF 


0000 


841 


62D8 


EFFF 


6501 


0000 



SS 



r^^rv'ij DI ti-ii m ^ 



OBJECTIVE 

THE FORMAT OF THE SECOND OPERAND IS 

CHANGED FROM ZONED TO PACKED AND 

THE RESULT IS PLACED IN THE FIRST OPERAND 

LOCATION 

. . , ■— , , 1 SOURCE 

| Z | d3 | Z | d2 lSICN|7l| UNPACKED 



FROM 




/source OPND 2\ 
\DEST-OPND 1 J 



STATS 



FETCH FIRST SOURCE BYTE 
AND UPDATE SOURCE ADDRESS 



| d3 | 42 | dl |SIGNl ggcED BC D 



Y4 - SOURCE BYTE POINTER 
Y5 = END OF SOURCE MARKER 
Y6 = ROUTING STAT 
Y7 -0 



REVERSE DIGITS OF DESTINATION 
BYTE AND UPDATE DEST ADDRESS 



-® 



| READ OUT FIRST DEST BYTES | 



10 




FETCH SOURCE BYTES AND 
UPDATE SOURCE ADDRESS 



READ NEXT DEST WORD AND 
UPDATE DEST ADDRESS 



Q0/<0 



EXTRACT RH DIGIT FROM D0 



EXTRACT RIGHT HAND DIGIT 
FROM NEXT SOURCE BYTE 



FETCH NEXT SOURCE BYTES 
UPDATE SOURCE ADDRESS 



EXTRACT R.H. DIGIT FROM Dl 



FORM RESULT BYTE 



DIGIT 



JEXTRACT RH DIGIT FROM Dl | 



FORM RESULT BYTE 



Dl DIGIT D0 DIGIT 



I EXTRACT RH DIGIT FROM D0 



FOR RESULT BYTE 



D0 DIGIT Dl DIGIT 



READ OUT NEXT DEST BYTES 
UPDATE DEST ADDRESS 




I STORE BYTE IN DEST BYTE I 



[STORE BYTE IN DEST BYTE 1 



FIGURE 654 DECIMAL PACK (QR101, QR1 11) 



ENTRY DATA 

AO A1 BO Bl CO CI DO 



I ADDR O 
I PLUS 12 



OFOPND2 



OP2| i L2 | 



ADbR Of ONb 1 
PLUS LI 



DO D1 

i:>k:i 



SKEW H J YA YB FUNC YCI YCD IZT 

1X1 < j * [ < j o | oocc | oooo IXIX1XIX 



UNPACK DMC SECTION 181, ROUTINE 01, STOP ON MS 60E4, THEN STOP ON MS 
61 8A. THIS WILL INSURE THAT THIS IS THE FIRST PASS THROUGH THE LOOP. 



A REG BREG C REG DREG 

65CE 3010 65D0 2000 

65D0 1000 65CF EF00 

65CD 0000 65CC 0000 

65CF F0E0 65CF FEF0 




SS 



1 OPCocto I LI I L2 1 B1 T 

7 if 15 19 



1 



Dl 



V 



D2 



OBJECTIVE 

TO PLACE THE DIGITS AND ZONES OF OPERAND 2 IN 
UNPACKED FORMAT IN OPERANDI USING 
THE ZONES llil FOR EBD1C OR €>10i FOR ASCII 
DATA FORMAT EXAMPLE 



|d3 l<J2|dl j S | 



ZTX 



PACKED e ^ 11B ^ e 
BCD SOURCE 



| 2 |d3 | Z jd2| sTdTl 



DESTINATION 



UNPACKED CHARACTER 
ZONE -llil EBDIC 
ZONE»01<>1 ASCII 



FROM 
INSN 
FETCH 



X 



-© 



/SCOURCE=OPND2\ 
^DEST. =OPNDiy 



FETCH FIRST 
SCOURCE BYTE 



REVERSE DIGITS OF 
FIRST BYTE AND 
UPDATE DEST. ADDRESS 



STAT USAGE 



Y4 SCOURCE BYTE POINTER 
k Y6DEST.BYTE POINTER 
V<7 END OF SOURCE MARKER 



READ FIRST 
DESTINATION BYTE 



STORE BYTE IN DESTINATION 
BYTE <b ANDSETY6-0 



UNPACK INTO 




FETCH NEXT SOURCE 
BYTE AND UPDATE 
ADDRESS IF NECESSARY 



READ OUT 
DESTINATION BYTE 








/TESt\. 

/DEST. BYTE^V 
V. POINTER S 


1 




1 


f 


' 


1 


STORE FIRST BYTE IN 
DESTINATION BYTE i 


STORE FIRST BYTE IN 
DESTINATION BYTE <t> 











READ OUT 
DESTINATION BYTES 



STORE BOTH BYTES 
AND UPDATE 
DESTINATION ADDRESS 




STORE FIRST BYTE 

IN DESTINATION BYTE 

AND UPDATE ADDRESS 



READOUT NEXT 
DESTINATION BYTES 



STORE SECOND BYTE 
DESTINATION BYTE i 



FIGURE 655 DECIMAL UNPACK (QK1 01, QR1 21) 



ENTRY DATA 

AO A1 



_JO 



I gay <»»» jcT o ! A ° I £'«»*' i-^^i 



MOVE WITH OFFSET MVO DMC SECTION 17C, ROUTINE 10, STOP ON MS 658E 



SKEW 



ISI 



4 I 2 



4 I 4 



YA Y8 FUNC YCI YCP IZT 



OOCC 



CxTXMXM 



ROS 
C03 
855 
868 
841 



A REG BREG C REG DREG 

68C2 1010 699B F8C1 

699B 2010 699A 0000 

68C1 0000 68C0 0011 

6594 OOFF 6901 1220 



SS 



OP Cock I H I L2 | Bl f 
5 7 if 15 19 



Dl 



7^ 



D2 



5 



FROM 

2ND LEVEL 

INSTRUCTION 

FETCH 

QDlli 



OBJECTIVE 



THE SECOND OPND IS PLACED TO THE 
LEFT OF AND ADJACENT TO THE LOW 
ORDER 4 BITS OF THE FIRST OPND. 



NOTE 



-© 



READ 
1ST BYTE OF OPND 2 
FROM MAIN STORE 
REDUCE OPND 2 
ADDRESS BY 1 



OPND 1 = DEST 
OPND 2 = SOURCE 



READ ODD OR 
EVEN ADDRESS 
DIGIT INTO B0 
SET Y6=l 
SET Y4 * i f ODD 
SET Y4 - IF 
EVEN. 



FETCH 1ST. DEST. 
BYTE FROM MAIN 
STORE. REDUCE 
ADDRESS BY1 



FORM 1ST DEST 
BYTE FROM R.H. 
SOURCE DIGIT I 
RIGHT HAND DEST 
DIGIT. 



< 



LEFT HAND SOURCE^ 
DIGIT IS LEFT IN ) 
THE SKEW BUFFER J 



QR101 
ORili 




READ HFWD OF SOURCE 
DATA FROM MAIN 
STORAGE. REDUCE ADDR. 
BY I 

SUBTRACT 1 FROM 
SOURCE COUNT. 



EVEN 




ODD 



EXTRACT LEFT 
HAND DIGIT 
FROM D0 



EXTRACT LEFT 
HAND DIGIT 
FROM Dl 



NONZERO 




-© 



ZERO 



EXTRACT NEXT 
RIGIT HAND 
DIGIT. 



FORM ZERO 
DIGIT IN HIGH 
ORDER BYTE 




ZERO 




NONZERO 



STORE DEST 
BYTES AS 
ZERO'S 



■O 



FIGURE 656 DECIMAL MOVE WITH OFFSET 



ENTRY DATA 

AO A1 



ADDR OF OPND 2 
I 



80 II CO CI 

OP2 1 I L2 I I ADDR OF OPND 1 V 



NO EXAMPLE SHOWN. 



SKEW 



\^L 



YA YB FUNC YCI YCP IZT 



4 12 4 10 



I «*c 1 ocoo IX1XCXIXI 



ss 



r^r'.r.rj Dl r 2 ^ 



D2 



OBJECTIVE 

TO SHOW BY MEANS OF A GENERAL 
FLOW CHART DECIMAL ADD. SUBTRACT, 
COMPARE AND ZERO ADD. 



FROM 
INSN 

FETCH 
ADD 

QD131 



FROM 




FROM 


INSN 




INSN 


FETCH 




FETCH 


SUB. 




COMPARE 


1 QD131 J 




LTQD131 J 



B*1J00FORADD\ 
YB#0$FORSUB) 



fa 



n c mr*' 



LOAD OPNDi FROM MAIN 
STORE TO IOCAL STORE. 
LOOP 1 



ERROR 





INVALID ^ NO ERROR 
.PSA^ 



NO 



ADD OR SUBTRACT 

OPND 2 FROM OPNDI 

STORE RESULT IN IOCAL STORE. 

LOOP 2 



ERROR 




COMPARE 



SET CONDITION REG. 
ACCORDING TO RESULT 



SET CONDITION REG. 
ACCORDING TO RESULTS 



STORE RESULT IN 
MAIN STORE. 
LOOP 3 




TO 
INSN 
FETCH 



DEC 
O'FLO 



ISA 
PSA 



FIGURE 657 GENERAL FLOW CHART FOR DECIMAL ADD, SUBTRACT, COMPARE AND ZERO ADD (QR001, QR021, QR011, QR031) 



ENTIY OATA 



I AOMOf orr^2 lJ* \ a *\ | A&tfO&t 



SKtW 



1ST 



YA Y> ?U N C YCI YCD IZT 

I .* | - DxCIXIXIXl 



SS 



r c*. r<ri , .,j 



01 



W 



D2 



OBJECTIVE 

TO LOAD OPERAND 1 INTO LOCAL STORE 

IN PREPARATION TO THE MAIN ADD LOOP 

FOR SS DECIMAL COMPARE, SUBTRACT AND ADD 




DECIMAL ADD FIGURES 658 , 660, 661 DMC SECTION IE2, ROUTINE 01, STOP ON 



A REG BREG C REG DREG 

6C67 A060 69AE FC61 

69AE 051C 69AC 1CFF 

69A8 051C 6910 1010 

6C67 6005 0265 OOOC 



6C67 6F10 

6C67 6F10 

6C61 6910 

6C61 0C10 



6C61 0C10 

69AE 0C0D 

69A8 1010 

69A8 1000 



0265 OOOC 

024F 0000 

10EF 0000 

10EF 0000 



10EF 0000 

104F 1CFF 

10A8 1010 

4000 1010 



FROM 
INSN. 
FETCH 



f DECIMAL \ 
V COMPARER 



FROM 
INSN. 
FETCH 



/^DECIMAL \ 
VSUBTRACTy 



READ LENGTH COUNT OUT 
TOB REG. SET YB=0000 

1 



READ LENGTH COUNT OUT 
TO B REG SET YB = 1000 




READ LENGTH COUNT OUT 
TO B REG. SET YB* 1 100 



| SUBTRACT 1 FROM LI \ 



OD13J_ 
OR001 



READ ADDR OF OPERAND 1 
INTO LOCAL STORE 
LOCATION 4 2 



ADDR OF OPERAND I TO 
A REG HEAD FIRST TWO BYTES 
OF OPERANDI FROM MAIN STORE 
READL200L1-1 TO LOCAL 
STORE LOCATION 4 



IF OPND 1 ADDRESS IS ODD 
SET Y6 = l 



SET LI -1 TO H AND J REG |«- 



Al-llS LOCAL STORE \ 

-(location FROM WHERE] 

\ OPND 1 IS STORED/ 




L4/0 

|STORE BYTE IN LOCAL STORE | 



IF ODD ADDR (Y6) READ 
OUT MAIN STORE 



READ COUNT L 200 LI 
INTO B REG 



SET UP OPND 2 LOCAL 
STORE COUNT IN Bl 
FETCH FIRST BYTE OF OPNDi 
FROM LOCAL STORE 




READ FIRST BYTE TO LOCAL 
STORE DECREMENT H REG 



UPDATE OPND 1 ADDR 
CLEAR NEXT LOCAL STORE 
LOCATION 



STORE BYTE IN LOCAL STORE 
AND DECREMENT H REG 



CLEAR NEXT LOCAL STORE 
LOCATION 



\ 

STORE BYTE IN LOCAL STORE| 



READ ADDRESS OF OPND 2 
TO A REG 




LAST BUT 



NO 




VALID ^ \ INVALID 

^ INVALID DATA^ 

(IDOK 




/loop to place\ 
[ opnd 1 into ) 
\local store/ 



START 

PREPARING FOR 

MAIN ADD LOOPi 



FIGURE 658 SS DECIMAL LOAD OPND I (ADD, SUBTRACT, COMPARE) (QD131, QR001 ) 



ENTRY DATA 

AO Al 60 


Bt 


CO CI 00 01 


ADDROFOPND2 ^J n 
PLUSL2 OP2 l ° 


! L2 

i 


ADDR OF OPND 1 f — " -^J^ — "" 1 

PLUS LI L — -^r 5 - 1 


SKEW H 




J YA YB FUNC YCI YCD IZT 


X ' 1 ■ 


4 


J oocc oooo XXXIX 



ZERO AND ADD ZAP DMC SECTION 1E5, ROUTINE 01, STOP ON MS 60F0 

ROS 
Cll 
EB1 
EA2 
D28 



A REG 


BREG 


CREG 


DREG 


64A8 


8000 


6488 


F4A8 


64A8 


0F00 


6488 


64A8 


64A8 


OFOO 


64A7 


OCOO 


64A7 


OFOO 


64F0 


OCOO 



ss 



I OP Code | LI 1 L2 | Bl"T 



w 



D1 



D2 



7 11 15 19 



47 



OPND 1 = DEST 
OPND 2 = SOURCE 



OBJECTIVES 

TO CHECK FOR OVERLAPPING FIELDS, PROCESS THE 
SIGN OF OPND 2 AND PROVIDE ENTRY TO SS DECIMAL 
MAIN ADD LOOP CFIG 660 ) 



INVALID OVERLAP CASE 


• 




OPi | s | 








OP2 |S 






SET UP LENGTH COUNTS 
ADDRESSES AND STATS 



FORM ADDR OF OPND 1 - 
ADDR OF OPND 2 



FORM ADDR OF OPND 1 - 
ADDR OF OPND 2 
+ LENGTH OF OPND 2 
(L2) 



TEST FOR THE 

LENGTH OF OPND I 

FIELD IS GREATER 

THAN THE LENGTH 

OF OPND 2 FIELD 




YES 



L2 ^Ll 

CLEAR Y7 TO AVOID 

EXTENSION TO OPND 2 



ERROR 

DATA 

TRAP 



Li > L2 

SET Y7=l TO FORCE 

EXTENSION TO OPND 2 



FETCH FIRST SOURCE BYTE 
FROM MAIN STORE 



NO 




VALID 
SIGN 



YES 



DATA 
TRAP 



SET YB-1100 

IF MINUS 
SET Yft=1000 

IF PLUS 



T 




01 



^TESTx* 
^"5OURCE=0^ 
_< AND ADDR OF > 
Y4 LOW BIT OF OPND 2 qq^q 



10 



PROCESS SOURCE 

BYTE AND FETCH 

NEXT SOURCE BYTE 

FROM MAIN STORAGE 




PROCESS ONLY 
SOURCE BYTE 





FIGURE 659 SS DECIMAL LOAD ZERO AND ADD ENTRY (QR041) 



OBJECTIVE 

TO SHOW THE METHOO OF PROCESSING FOR THE DECIMAL 
OPERATIONS ADO, SUBTRACT, COMP, ZERO AND ADD. 
( FOR THE OVERALL FLOWCHART SEE FIGURE 657 ) 



(See Figure 658 for program) 



SETTING OF YB STATS 
1100 FOR ADD 
1000 FOR SUBT 
0000 FOR COMP. 

OPND 1 = DEST 
OPND 2 = SOURCE 



YES 



DATA 
TRAP 




NO 



-© 



EXTRACT FIRST SCOURCE DIGIT 



PLUS 



SET UP DAD. IF FN STAT 
Y7 »0. ADD 




MINUS 



SET UP DAD IF FN STAT 
Y 7 = 1 SUBTRACT 



(£> 



PROCESS FIRST BYTE 




ZERO ^ffiUch NONZERO 



PROCESS FIRST BYTE 




J__^'$COURCE BYTE\JL 



PROCESS FIRST BYTE [ 



FETCH NEXT SCOURCE BYTE 



ZERO 



NONZERO 



01 



00 



[FETCH NEXT OP 1 BY"?? 



| CLEAR NEXT OP 1 BYTE | 




L4^0 



11 



PROCESS BYTE AND STORE 
PREVIOUS ONE 



PROCESS SECOND BYTE AND 
STORE PREVIOUS ONE 



NONZERO 




ZERO 



ADD ONLY 



ADD AND SUBT 10 



STORE BYTE AND SET UP 
NEXT BYTE = ZERO 



NONZERO 




ZERO 




STORE LAST BYTE 



SET UP CORRECT PLUS 
OR MINUS SIGN 



|CLEAR NEXT BYTE OF OP 1 | 



RETAIN LAST LOCAL STORE 
ADDRESS FOR OVERFLOW 
CHECK 



FETCH NEXT OP1 BYTE 
AND CLEAR SCOURCE BYTE 



<i 



TO STORE LOOP 



<D 



TO 

QR021 
FIG 



TO 

QR031 
FIG 

^4S^ 



7RT5M" 

QR041 
FIG. 

10 ,, 



UPDATE SCOURCE ADDRESS 
AND FETCH NEXT OPl BYTE 



UPDATE SCOURCE ADDRESS 
AND CLEAR NEXT OPl BYTE 



PROCESS SECOND BYTE AND 
STORE FIRST BYTE FETCH 
NEXT SCOURCE HALFWORD 



PROCESS SECOND BYTE AND 
STORE FIRST BYTE FETCH 
NEXT SCOURCE HALFWORD 



NONZERO 




OUNT^ 
AND TESTOPr 



ZERO 



FETCH NEXT OPl WORD 



7RTH3T 

QR041 
FIG 



CLEAR NEXT OPl HALFWORD 



PROCESS FIRST BYTE AND 
AND STORE PREVIOUS ON E 



PROCESS FIRST BYTE AND 
AND STORE PREVIOUS ONE 



ZERO 



NONZERO 



FROM 

QR041 
FIG 




FIGURE 660. SS DECIMAL LOAD OPND 2 AND PROCESS ( ADD, SUBT,COMP, ZERO AND ADD) (QR01 1) 



OBJECTIVE 

TO STORE RESULT OF THE DECIMAL ADD, 
SUBTRACT OR ZERO ADD IN THE MAIN 
STORE LOCATION OF OPND.l AND SET 
CONDITION REGISTER ACCORDING TO RESULT. 



FROM 
FIG 66O 



J' FROM DCCIMALA 

Amain add loop J 



(See Figure 658 for program) 



LOAD J REG WITH Ll-1 
FETCH A DDR OF OPND 1 
FROM LOCAL STORE. 



11 



G 



NEC RE COM P. 



<*0 



FETCH 1ST BYTE OF 
OPND 1 FROM LOCAL STORE 



PLUS 



00 




ALU/O 



SET ADD FUNCTION 
FETCH 1ST BYTE OF OPND 1 
FROM LOCAL STORE. 




10 



MINUS 



4t 



FETCH 1ST BYTE OF OPND 1 
FROM LOCAL STORE. 
SET ADD FUNCTION. 



PLUS 




10 



2ERO RESULT 

POS INSERT SIGN - 12 

SET Y0 =i 



2ERO RESULT 
POS INSERT SIGN 
SET Y# = l 



12 




OFLO CASE J 



MINUS 



11 



INSERT POS 

SIGN = 12 

SET Y0 = 1 

Y2 =1 



INSERT NEC 

SIGN = 13 

SET Y0 = 1 

Y3 =1 




M*> 



u 



■® 



FETCH NEXT BYTE FROM 
LOCAL STORE. 



EVEN ADDR 



) 



FETCH NEXT BYTE FROM 
LOCAL STORE 
WRITE PRESENT ONE INTO 
OPND 1 LOCATION. 



ODD ADDR 



) 



PUT UPDATED OPND-1 
ADDR IN A REG. 



NO 




"END OF OPND 1 



YES 



PROCESS ONE BYTE 
FETCH THE NEXT 



INSERT BYTE READY FDR STORING 
UPDATE OPND1 ADDRESS 



WRITE ASSEMBLED BYTES 
I NTO OPND 1 LOCATION 



■<3> 



WRITE FINAL BYTE INTO 
OPND 1 LOCATION IN 
MAIN STORE. 



NO 



©- 




■^ LAST BYTE ) 



YES 



SET COND REG (Y2,Y3) = 11 



NO 





PSW BIT 37 



YES 




FIGURE 661 .SS DECIMAL TERMINATE ( ADD SUBTRACT AND ZERO AND ADD) (QR021) 



DECIMAL COMPARE 
STOP ON MS 60F0 



DMC SECTION 1E4, ROUTINE 01, 




A REG 

6358 

6348 

6356 

6116 



BREG 

9000 
0F0F 
QF00 
QF00 



C REG D REG 

6348 F358 

6346 0C00 

OOFO 0099 

0018 4780 



OBJECTIVE 

TO SHOW THE EXIT TO I FETCH AND 
SETTING OF CONDITION REGISTER FOR 
SS DECIMAL COMPARE 



FROM 




0- 



NO 





*- ( OP ^E OP2 ) 



SET CR = i0 



SET CR«01 



YES 



FIGURE 662 SS DECIMAL COMPARE (QR001) 



Purposes: 

1 . Identify Operation 
2. Identify Channel, 
Control Unit and I/O 
Device 



OP 
Code 



Ignored 



Dl Literal Value xxxx xxxx xxxx 

12 Low-Order xxxx xxxx xxxx 

Bits of R 

ccc uuuu uuuu 
Channel Address 
Control Unitandl/O Device Addr 




I 

Program Checks 

1 . Invalid CCW Address Specif icatic 

2. Invalid CCW Address 

3. Invalid Command Code 

4. Invalid Count 

5. Invalid CAW Format 

6. Invalid CCW Format 

7. Invalid Data Address 

No 



Add literal value of Dl 
field to content of General 
Register specified by Bl 
field to obtain channel and 
Unit Address 



(Prepare IF for \_ 
Initial Selection/ 



Set Select Latch 




CAW or CCW format 
Iressing will set Y5 
cate Program Check 

"1 

I 



) 




Get part of PSW from LS 
46 to check machine state 



Set priviliged operation 
code into current PSW 
Interrupt Code 2 



[QC161 




C UCW4 J 




Note beginning here 
ill interface line names 
are underlined 





Put Address of Control 
Unit and I/O Device 
on Bus Out 



Send Address Out 
to Control Unit 



Read out flags and 
OP code area of 
Mpx Storage 



Purposes: 
. 1 . Identify Mair 
Protect Key 
2. Identify Location of First Channel 

Command Word (CCW) in Main Storage 



c 




Test is performed by checking 
UCW Opcode which will be 
0000 if previous operation 
is complete 



4B 



Command 
Address 



Not 
Busy 



From 
QA251 



Command Chaning Entry 




Get Channel 
Address Word (CAW) 
from MS 48-4B 



a 



3132 39 40 47 48 



Command 
Code 



Data 
Address 



Flags 



Ignored 



Byte 
Count 



>i 



Operational In "** 

Should now be up to indi- 
cate that the Control Unit 
has captured the channel 



Send Select Out 



Control Unit puts 
Address On Bus In 




Control Unit sends 
Address In to Channel 



Set Condition Code to 
3 (Y2= 1 Y3 = 1) 
(Not Operational) 




No j /^ Command ^sJYes , 
Chaining 




Set ICC Interface 
Control Check 



Set Condition Code to 2 
(Y2 = 1 Y3 = 0) 
(Channel Busy) 
1 



Put Command on Bus Out 



Get Channel Com- 
mand Word (CCW) 
from Main Storage 



Purposes: 




Get Instruction Count from 
Current PSW at LS 4 7 



Send Command Out 
I/O Control Unit 



| Set ICC ~| 





Change Command 
Code to OP Code 



1 . Specify Command 

2. Identify Main Storage Location 
(Data Address) of First Data Byte 

3. Specify Number of Data Bytes Involved 
in the I/O Operation 

4. Indicate Action to be Taken upon 
Completion of the Command 



~¥ 



• Will later be used to tell 
channel that entry loop wa 
from Start I/O instruction 

s. ratherthanCommandChaini 



Some of UCW is put into 
local storage to allow 
subsequent use of already 
available microprogram steps . 



Put SIO Flag into LS 48 



Control Units puts 
Status Byte on Bus In 



Log 
Out 



Put Channel Storage 
Protect Key into the 
Multiplex Area of SPLS 



Basic I/O Sequence 



1 . Initial Selection 

2. Data Service 

3. Ending Procedure 

4. Interrupt Sequence 



This figure shows this part of the basic I/O 

sequence . 

1 . Logical Sequence 


2. 


Setting of the Interrupt Code 


3. 


Storing of the Channel Status Word 


4. 


Setting of the Condition Code 


5. 


Branch to Program Trap Routine 


6. 


Branch to Next 1 -Fetch Routine 


7. 


Interface Lines used during 
Start I/O 




Errors in Unit or channel status 
or Command Immediate and 
not Command Chaining Flag 



Q 



Start I/O clearecfN 
status from unit J 



Set Program Check 
Bit (Bit 42) for Trans- 
fer to CSW 



Store Channel 
Status in CSW 



Force 

Log 

Out 



Set Condition Code to 
3(Y2 = 1 Y3 = l) 
Unit Unavailable 



Generate some of the 
Unit Control Word (UCW) 
in Mpx Storage and 
some of it in the work- 
ing area of local storage 



Wait up to 40 usee for 
ST A- 1 if exceeded set 
ICC 




FIGURE 665. START I/O INSTRUCTION (MULTIPLEX CHANNEL) SEE FIG 667 FOR DETAIL 




Send Service Out 
Accept Status 



Send Service Out 
Accept Status 



Reset IR Latch iF 
Interrupt Buffer Unit* 
= Start I/O Unit* 



Enter Mpx channel 
microprogram to store 
remaining UCW into 
Mpx Store (sub chan) 



Store Unit and 
Channel Status 
in CSW 



Figure 669 



Clear SIO Flag 
from LS 48 



Set Condition Code 1 



Set Condition Code 



j: 



Get the CPU program 
Storage Protect Key 
from Current PSW at 
LS44 . 

Put it into the CPU/ 
Channel Key Register 



Get Instruction 
Count from PSW 
at LS47 




Channel Errors 



IF 


IF 




Mpx 


Chan 


Chan 


1 




Pty 


Tag 




I/O 


Data 


Ctrl 


C 




Chk 


Chk 




Mode 


Chk 


Chk 


C 





t Att 



Status 
Mod 



Cont 
Unit 
End 



Busy 



Chan 
End 



Device 
End 



Unit 
Chk 



Unit 
Except 



Interface Status Byte 



Operational Out 
Bus Out 
Bus In 
Select In 
Address Out 
Select Out 
Operational In 
Address In 
Command Out 
Status In 
Service Out 


A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 






Address Command ^^ 


Address Status 





D C 




D E __ „H 




F L and F 




E J 


F_ _H 


1 G 


k- KnntiC 



Condition Code Setting on Multiplex Halt I/O 



Start 




Test 




Halt 




Test 


I/O 




I/O 




I/O 




Channel 


9C 




9D 




9E 




9F 




c 



System Mask, Key 
and AMWP 



> 



Bl = if SIO 

Bl =9 if TIO 

Bl =8 if HIO 

J1^3_if_TCH_ 

Read Part of 

PSW from 

LS44 



Set Interrupt 

Code 2 

In Bl- 
Privileged Op 




QB101 



Cond 
Code 


Action on CSW 


Notes 





Unchanged 


Channel busy with 
interrupt 


■ 


Unit Status only is 
stored.Channel 
Status is zero 


Channel Busy or Channel 
not busy but control unit 
busy 


Channel and unit 
status is zero 


Channel and Control 
Unit not busy (Normal 
CU), or: Channel not 
busy - device is stopped 
by HIO command 
(special CU) 


2 


Condition Coc 
Multiplex ( 


e 2 is not set on the 
Ihannel Halt I/O 


3 


Unchanged 


Invalid Channel or 
UCW address 


Unchanged 


Unit does not reply 
to initial selection - it 
is stopped the next time 
it requests service 



Program 

Trap 
Routine 



QC161 



C 



Op Code Set 
to Stats 



> 



Set YA = 
Channel * 

Set YB = 
Instr Code 




Set Condition 
Code 3 



SC 





Mpx 
SC 



Mpx 



Set Up Mpx 
Store Address 
Using Unit * 



Next 
I -Fetch 



QD001 



TCH 



D 



No / UCW4 \ Yes 
Clear 




Yes / TCH \ No 

.Instruction^ 



QB111 



Read Out 

Flags and 

Op Code 

from UCW4 



Fig 675 



Yes 



Set Condition 
Code 2 



Set Condition 
Code 1 




TIR 



No 



Set Condition 
Code 1 



No 



Set Condition 
Code 



Next 
I -Fetch 



Next 
I -Fetch 



Next 
I -Fetch 



QD001 



Next 
I -Fetch 




C 



Invalid Mpx 
UCW Address 



SAT 



Yes 



J 



QB601 



Set Condition 
Code 3 



Next 
I -Fetch 



QD001 



QB601 




Sheet 2 



FIGURE 666. I/O CODES, COMMON DECODING; TEST CHANNEL AND MPX HALT I/O (SHEET 1 OF 2) 



(ycd = i)- 



Set Condition 
Code to 3 



QB191 



Revalue Ml 
Place Instruc- 
tion Count in 
A Reg 



Q 



(SEL -I) 



Yes 



Reset YO 
After Test 



Next I -Fetch 



QB171 



CL *■ CH 

Set Count zero 
Flag in UCW4 




SEL- I 



/ycd=o\- 

( Store \_ 

Partial CSWy " 



QB191 



Set A =44 
(Status Part of 
CSW) 



Place Channel 
Status in Bl 



Unit and Channel 
Status to D Reg 



Set CC to 1 
Write Status 
in CSW 




From Sheet 1 



/Control UnitN 



STA- I 




ADR- I 



Unit Status 
to Dl 

— ^SLO 
Reset Select Out 



(Wrong UnitY 
Replies J 



QB151 



Unit Number 
to Bl 

Unit Status 
From Dl to CI 



Read Out Flags 
and Op Code 
from UCW4 





Set ICC 




rForce ADR-oV 



_/£hannel Status\ 
V^ is zero J 



Yes 



TIO Byte 
(zeros) to 

Bus Out 



Set HIO 
to Stop 
Unit 



/status is zero if\ 
\Stopped byHIQ/ 



Select Multiplex 






HALT I/O 


Channel 


Control Unit 

Bus Address Out 




A 


HIO 




CD = 1 












CB=13 




FL 




ADR-O 


OR 




A 




















A 


HALT 










Not Select Out 




r 


Nlot OP-I 












FF 






FB 021 




OP-O POWERED 




FA 059 


> i 


(from Channel ) 


















Start I/O Objectives 









Figure 


Objective 


666-1 


1. Test for UCW busy. 


667-1 


2. Fetch CAW. 

3. Fetch CCW. 

4. Begin initial selection. 

5. Store partial UCW (UCW6 and UCW8). 

6. Complete initial selection. 


667-2 


7. Examine status. 

8. Subtract 1 from count. 


669-1 


9. Test for burst mode. 


669-4 


10. Add 1 to count. 

1 1 . Store remaining UCW into multiplex storage (Y4 on). 


667-2 


12. Set condition code. 

13. Next l-fetch. 



FIGURE 666. I/O CODES, COMMON DECODING; TEST CHANNEL AND MPX HALT I/O (SHEET 2 OF 2) 



Condition Code Setting on Start I/O 



Cond 
Code 


Action on CSW 


Notes 





Unchanged 


Operation Successfully Initiated at 
the Device 


1 


CSW Stored 


TIC on SIO- Program Check on SIO- 
Control Unit Busy - Command 
Immediate Errors - Interrupt Conditions 


2 


Unchanged 


Path Busy 


3 


Unchanged 


Channel or Device Unavailable 



SIO 

Fetch 

CAW 

from 

QB111 



Q 



Prevents RQI ^ 
Obtaining Selection^ 



QB131 



Call Storage to Read 

Out First Halfword 

of CAW 



SEL 



( Invalid 
\ ^CAW Format^ 



>-c 





(Program Check 
on Start I/O 



Increment CAW 
Addr_ess_+2 

Call Storage to Read 

Out the 2nd Half Word 

of the CAW 




Read Out Command 

and Top 8 Bits of 

Data Address 




From Fig 670 



Command Chaining 

_Ferch CCW 

~From"QA25i~for~~ " 

Mpx Channel 



Call Storage to Read 

Out the 1st Half Word 

of the CCW 



Y6 = 1 on Entry 



TIC During 
Command Chaining 



J> 



1 QB131 



Move the Command 
Code and Top 8 Bits 
of Data Address in 

_ _ §_ R S2i s t£L 

Increment CCW 

Address +2 to Read 

the Lower 16 Bit 

of Data Address 



Program Check 
When CC 



J 



Set Dl =0 
Cmrtd Changed 
toTIO 



flfTT 
V Set I 




me Out\_^ Interface 
iCC_V\ Free 



( S ffl ™ nd V 10 

V_ Chaining y 



ADR-O 



Set Condition 
Code 3 



Set Condition 
__ Code 1 

Se7A^44 ~~ 
CSW Status Adr 

Set Prog Ck 
Bit MS44 



Call Storage to Read 
Out the 2nd Half 
Word of the CCW 

Put the Full Data 
Address in LS09 Via C 




Clear Channel 

Revalue Ml 
Transfer IC to A 
Restore CPU Key 



Next 
l-Fetch 



QD001 




J 



G 



For Mpx 
Use Only 



Reply With CMD-O 
and Command 
Byte from CI 



If SIO Set Byte 1 of 
LS48 to FF 



QB151 



0-*-SLO Reset 

Select OuJ_ 

Set Channel and 

Unit Status 

in D Reg 

~ Wait for Fall 

of STA-I 



Transfer Data 
Address to A 




The Next CCW Must be Fetched 

at the Addr Given by the CCW 

Specifying TIC 




Assemble the 

Modified Channel 

Command 



Set Yl to 
Indicate Mpx 

SeTucw" ~ 

Address In A 



QB191 



Set A = 44 

_CSW Status Adclress_ 

Store Unit and 

Channel Status 

_inMS_44_and_45_ _ 

Set Condition 

Code 1 




Clear Channel 
Revalue Ml 



Transfer IC to A 
Restore CPU Key 



Set Channel Key 
in SP Data Reg and 

Store in_SP_ 

""dear Mpx UCW in " 
LS 26, 27, 29 




Next 
l-Fetch 



QD001 



Move: 

Mpx Store 

Address from LS07 

to LS27. Next 

CCW Address 

from LS08 to UCW6. 

Count from 

LS06 to LS29. 

Data Address 

from LS09 to 26 



/invalid CCW\ 
y^ Format J 



Set 
No ADR-O 



| SetY5 





QB191 



Set A = 44 
CSW Status Address 

Set Condition Code 1 

Store Program Check 
Jit Only in MS 44 & 45 




Add Modified 

Operation Code 

to Flags in BO 

Add 2 to Operation 

Code if Skip Flag 

Present 



Set Extension 

Next CCW 

Address in 

UCW8 



101 Rd Bkwd 



110 Rd Skip 



111 Rd Bkwd Skip 



Clear Channel 



Revalue Ml 
Transfer IC to A 
Restore CPU Key 



Next 
l-Fetch 




The Modified 
Channel Command 
is now Fully 
Assembled 








Increment CCW 
Addr +2 

Write CCW Address 
in LS08 

Write Count in LS06 
Set Flags, Op Code 
and Units in C 




FIGURE 667. START I/O MICROPROGRAM MPX CHANNEL (SHEET 1 OF 2) 



c 



Non Zero 
Status 




/^Can be Unit CheclA 
\_ Unit Exception y 




Set SI LI Flag 



Remove 
CC Flag 




ALU t Y5 



SVC-O Accept 

Status 

Wait Up to 40usec for 

If Exceeded 
Set ICC 



C 




SetY7 



QB171 



Reset YA Set Op Code 
in YB After Test 
Set Count in B 



C 



Command 
Chaining 




Subtract 1 from Count 

s"e7Y4 
Set A = Data Address 

Set Mpx Storage 
Address in J 



Indicates New UCW* 

[ Contents to be Stored 

During Restore 



QA091/QA1 91 

Enter Mpx Read or i 
Write Loop Fig 669 
Sheet 1 of 4 I 



I Enter Restore | 



From Fig 669 
Sheet 4 of 4 



Microprogram Fig 669 
Sheet 4 of 4 



V 



SVC-O Accept 

Status 

Wait Up to 

40usec for 

SVC-O to Fall 

If Exceeded 
Set ICC 



QB171 



Clear LS48 (SIO Sw) 



Clear YA, YB 
Set Condition Code 



QB171 



Reset IR Latch if 

Interrupt Buffer Unit # 

Equals Unit # 



SIO Cleared Status 
from Unit 



J> 



Revalue Ml 
Transfer IC to A 



Restore CPU Key 



Subtract 1 
from Count 



Set Data 
Address in A 



Store Flags and Op 
Code in LS29 
Set J Reg = 27 



QD001 



Set A = 44 
CSW Status Addr 



Store Unit and 

Channel Status 

in CSW 



Set Condition Code 1 



NIF 



CL- CH 
Revalue Ml 



Transfer IC to A 
Restore CPU Key 



QD001 



i QAl_31/QA251 

I Enter Stop I 

| Loop Fig 669 I 

I Sheet 3 of 4 | 

_ 

| L 1 

• Enter Channel Status ■ 
Microprogram i 

Fig 670 



■ Enter Mpx Restore | 

I Microprogram I 

I Fig 669 

| Sheet 4 of 4 J 



Next 
l-Fetch 




FIGURE 667. START I/O MICROPROGRAM MPX CHANNEL (SHEET 2 OF 2) 



From Fig 666 



From Fig 666 



Test I/O 

Mpx UCW 

Not Busy 

QB601 



Test I/O 
Mpx End 
Reached 
QB601 



QC101 



Read Interrupt Buffer 

from LS2A 

Clear~CO"Tf TJO 
Unit ^ Equals 
Buffer Unit # 



QC101 



Read Interrupt Buffer 
from LS2A 

Read Mpx Store Unit * 
from UCW 2 



Prevents TIO 

Device Sending 

Status in Until 

Device Selected 



1^IR_ 

Set IR Latch 




QC101 



C 



If Time Out 
Set ICC 



( Un :' ^ 

VUnavailabley 



Set Y7 to Signify 
TIO and Allow 

Exit After 
Unit Selection 



QB121 



Set Select 

Wait for Intf Free 

and Set ADR-O 

With Unit # 

on Bus Out 



Reset IR Latch if Set 
by TIO on Entry 

Set Condition 
Code 3 



Test for Allowable 

Interrupt. If 
Allowed Set PRI 



STA-I 



QB191 



Clear Channel 




Set Instruction 
Count in A 



Next 
l-Fetch 
QD001 




ADR-I 




Located in Data 
Address Location 
After End Reached 



End for a Different 

Unit on a Shared 

Subchannel 



Unit Status 

has Been Rejected 

and Stacked in 

Unit Since Other 

Interrupt Pending 



Set Condition Code 2 

Set Instruction 

Count in A 




Next 
l-Fetch 
QD001 



Set Yl to Signify 

End Rejected 

Clear CO 



TIO Unit 
Status Previously 

Accepted and 
Located in UCW 2 



QB121 



Compare Unit * Sent 
With Unit # Received 



Control 
Unit Busy 



) 



0-**SLO 
Reset Select Out 



Set Channel and 
Unit Status in D 



C 



If Time Out 
Set ICC 



MZIear Device 
vOff Interface 



D 




Reset Interrupt 
Request Latch 



QB151 



Set CMD-O 
With All Zero 
Command Byte 

Reset Select Out 

Unit Replies 
With STA-I 

Set Channel and 
Unit Status in D 



Set 
ICC 



Set SVC-O 
Accept Status 



QB151 



Wait 40(js 
for Status 
In to Fall 



QC141 



Reset IR 

Latch if Set 

by TIO on Entry 



Unit Status 

Previously Rejected 

and Stacked 

in Unit 



Yes 





/"Clear UCW A 
V and LSOA J T 



QC111 



ISO - Inhibit 
Select Out 

Transfer UCW 

From Mpx Store 

to LS08-0C 



CL-CH-Clear 
Channel 



Set CI = 
CO; 



Unit Status 
SPKey 



Set Channel Errors 

in Bl from 

UCW 8 and Set 

Bit if PCI 
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MAP Chart 

Reference Notes 

a) b) c) On entering the ROS MAP, the machine status, checks and supplies are 

noted before branching at 1 . The presence of ROS drive current indicated 
by the CPU meter shows that drive current is available but does not neces- 
sarily mean that drive current is passing through the drive lines. 

1 a) The first branch is taken on the test for no 1 's or incorrect word pattern. 

If no 1 's, an attempt is made in the following tests to obtain some output, 
using the test word for all 1 's if necessary, to prove the supplies, timing 
and sense circuits etc. 

2 If some or all 1 's out are obtained at branch 2 test, selecting the error 
address and inverting bits through 5 will retain the gate of the error word 
but will select a different driver and driver decoder bits. 

3 a) Some 1 's out at test 3 indicates a probable driver or driver decoder fault 

4 and tests 4, 5, and 6 are concerned with isolating such failures. Another 

5 possibility is an open circuit diode which is isolated by tests 6 and 7. Inverting 
5 bit 7 of the error address will retain the error word driver but will select a dif- 
7 ferent gate in the same module. 

4 b) No 1 's out at test 4 could indicate a fault in the tens driver decoder 

(address bits 6, 7, and 8). As the driver supply runs parallel to the decoded 
tens lines, it could also be a supply failure. The possible decoder error should 
be eliminated first. 

3 b) No 1 's out at test 3 suggests a gate, a gate decoder, or a gate strobe 

failure. The various possibilities are isolated by tests 8, 9, and 10. 
Changing address bits 6 and 7 retains the original driver but changes the 
gates within the same module. 

2 b) If no 1 's'out are obtained at test 2, a similar series of tests to those 

11 through listed above are conducted in tests 11 through 18, using the all 1 's test 

18 word as the error word . 

16 b) The interchange of gate strobe cards at 16 b) is only possible if both 

17 b) frames of ROS are used. If only one frame is used, a card change is made 

at 17 b). 

1 b) If incorrect word patters are obtained at test 1 , the two diagnostic test 

words should be selected and the resulting outputs observed for a repeatable 
error pattern. Due to the packaging of the logic circuitry, this may give a 
clue to the faulty area as at branches 20 a), b), and c) . 

21 One particular bit in error is isolated by the interchange of cards and 

22 tests 21 and 22. 

24 Random error patterns from the error word or all 1 's test word are, as far 

25 as possible, isolated by the removal or interchange of card at tests 24, 25, 

26 and 26 . 

27 If the above tests do not affect the random error pattern, further tests are 

28 made to isolate the failing module. Drivers adjacent to the error drive should 
not be used in test 28, as a drive short would most likely be to an adjacent line. 

28 b) The error module is isolated by removal of the I/O connectors in branch 28 b) 

29 and the module checked for shorts at test 29. 

28 a) If throughout the tests branch 28 a) is reached without a correct pattern being 

obtained, a short-circuit diode should be suspected. 

23 b) Correct word patterns from the test words but one bit in error from the error 

30 word as in branch 23 suggest a sense circuit failure. The failing area can be 
isolated by test 30 and branches 30 a) and 30 b) . Selecting a word in an ad- 
jacent module (i.e., on the same frame) with a 1 in the error position indicates 
a common fault (e.g., bus line) if there is no 1 out. 



FIGURE 911 . READ ONLY STORAGE (SHEET 3 OF 3) 



Run Int Diagnostics 





Examine H Register 
for Error Address 



AX 



Contains 

Zeros and 

Parity 



LSAR 
Address 



Al 



Contains 

J Register 

Count 



Examine A Register 
(Contains Error Data) 



All One's 
All Addresses 



Only One Data 
Bit in Error 



Check Sense Level 
Voltage and +6 Volts 



Fault Still Present. 

Suspect Lack of 

Inhibit Current Change 

Timing Card (4252) 

Position A-D1B2 



Inhibit Driver 
Fault or Open 
Inhibit Line 




Either Bits 

1-*- 8 

9 — 16 

or 17—24 

Always Contain Zeros 

on All Addresses 



Either Bits 

1 — 8 

9—16 

or 17 — 24 

Always Contain Ones 

on All Addresses 





Random Data 



Al I Zeros No Read or 
WriteCurrent Flowing 
Check A - DIG 2 



Gating or Clock 

Signal to Z Drivers 

Always Down 



Gating or Clock 

Signal to Z Drivers 

Always Up 



Error Distribution 







Error 
Bits 


Change Card 
in Position 


1 — 8 
9-— 16 
17 —24 


A-D1D7 
A-D1E7 
A-D1F7 



No / Full 

Inhibit Current 
Present 



Strobe l/P Diode on 

Pre -amp O/C Check 

Access Time 



Inhibit 
Driver 
Fault 



See LSAR Fault Chart for Interchanging Card 




Checks on 
96 Addresses 



1 in 4 Addresses 
Produces an Error 

or 
4 in 16 Addresses 
Produce an Error 

or 

48 Consecutive 

Addresses Produce 

Errors 

or 

16 in 48 Addresses 

Produce an Error 



To be Found in 

a Block of 144 

Consecutive 

Addresses 



Found in a 
Block of 144 
Consecutive 

Addresses 



2 in 4 Addresses 
Produce an Error 



4 in 8 Addresses 
Produce an Error 



96 Consecutive 
Errors 



Found in a 

Jlock of 144 

Consecutive 

Addresses 

I 48 Consecutive 
=TO \^ Error-Free 
Addresses 



Decoder Never Primed. 

RW Gate or Driver or 

Array Diode O/C 



Change R/W Gate 

Associated with Error 

As Determined 

by Use of 

LSAR Fault Chart 



Determine R/W 

Gates Associated 

with Error 

Addresses from 
LSAR Fault Chart 



O/C Array Line 



36 



If Fault Still 

Present After Card 

Change Suspect Array 

Diode Associated 

with Error Gate 



Fault Still Present 
After Card Change 
Errors on 48 Addresses 



Decoder Input Diode 

O/C Change Card 

by Using LSAR 

Fault Chart 




Read and Write All 
Ones in All Addresses 



Address Bit 
Powering Inv Input 
Held Up or Down 



Run Error Disabled 
for One Complete 

Cycle of all 
Memory Location 
and Try Again 



Ascertain 

Whether Fault Lies 

in LS or CPU 



Read and Write 

All Zeros 

All Addresses 




Read Gate or 
Driver Always Primed 



O/C Diode 



Write Gate or 
Driver Always Primed 



Remove Array Card. 

Check by Continuity 
the Array Line 
Associated with 
Error R/W Gates 



Remove Array Card. 

Check Continuity or 

Remove All R/W Gate 

Cards. Check 

Continuity from Gate 

Output Pin to 

Driver Output Pin 



Address Bit 

Powering Inverter 

Output Always 

Down 



Decoder Fault 

Output Always 

Primed Check 

DEC Outputs 



Change 
Decoder Card 



Output Pins Associated 
with Error Addresses 



Change Address 

Bit Powering 

Inverter Card 

Positions A-D1C2 



Determine from LSAR 
Fault Chart the R/W 
Gate Associated with 

the 36 or 48 
Remaining Addresses 

Which do Not 

Produce Significantly 

Similar Error Data 



Array Card Positions 

A-Dl D 3,4,5,6 

E 3,4,5,6 




Bit 


Pre-amp 


Term Res or 


Fails 


Z Driver 


Output Pin 


1 


A-Dl B6 


B03 


2 




C7 


B08 


3 




B5 


B08 


4 




C4 


B08 


5 




C7 


B03 


6 




C6 


B08 


7 




C5 


B08 


8 




C4 


B03 


9 




B6 


B08 


10 




C6 


B03 


11 




B5 


B03 


12 




C5 


B03 


13 




F6 


B03 


14 




G6 


B08 


15 




F5 


B03 


16 




F4 


B08 


17 




G6 


B03 


18 




F5 


B08 


19 




G5 


B03 


20 




F4 


B03 


21 




F6 


B08 


22 


1 


G5 


B08 





LSAR Fa 


ult Chart 








LSAR 


DEC and R/W Gate Faults 


Error Addresses 


36 Error Addr 


48 Error Addr 


7 6 5 4 3 2 1 


Replace Card 


Replace Card 






in Position 


in Position 


OOXXOOXX 


A-D1C3 


A-DIF3 




1 X X X X 










o 


1 X X X X 










c 


1 1 X X X X 










E 


X X 1 X X 










5 


1 X X 1 X X 












1 X X 1 X X 
1 1 X X 1 X X 
X X 1 1 X X 

1 X X 1 1 X X 

1 X X 1 1 X X 












1 1 X X 1 1 X X 




1 


.. 




xxooxxoo 


A-D1D2 


A-D1E2 




X X 1 X X 












X X 1 X X 












XXI 1 X X 










c 
o 


X X X X 1 










c 


X X 1 X X 1 










E 


X X 1 X X 1 










a 


XXI 1 X X 1 










X 


X X X X 1 1 
X X 1 X X 1 1 
X X 1 X X 1 1 












X X 1 1 X X 1 1 


i 




' 





FIGURE 912. LOCAL STORAGE 



Adjust Sense Level 

VSL and V Ref 

Relative to the 

Air Temperature 

Leaving Board 01A-D1 



Run Diagnostic 
Program E3C90 

Which Tests Addr 
and Worst Case 

Pattern Condition 



Run Bias Test 
(SCHMOO) 



Yes 



Return to Customer 
and Standby 




In 
Specs 



No 



Change Address 

Bit Inverter 
Card 01A-D1J7 



Set Bias Controls 
to Upper or Lower 
Limit-Check Errors 



Addi 
















Read/Write Driver 


or Ga 


te Fault Chart 












KEY 


DIM 


Main Storage Address Bits Common to All Error Addresses 


Card 
Location 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





CPU 


X 










X 


X 






















01A-D1L5 






X 


X 


























D1J5 


Y 


X 


X 






























D1L2 


X 


X 






























D1L2 


MPX 


X 
























X 


X 








D1L5 




















X 


X 












D1J5 


Y 




X 


X 




























D1L2 














X 




















D1J2 



LU211 

LU511 



LU011 



From Error Printout 
Examine Error Data 
and Address for the 
Following Errors 




Drops 



Change Sense Amp Card 
Associated with Failing Bit 



01A-D1L4 



01A-D1L3 



01A-D1J3 



01A-D1L4 



01A-D1L3 



One R/W Driver 

or Gate Active 

All the Time 



One Bit Still Picking 



One Bit Still Dropping 



Open Inhibit Line 



Open Sense Line 



Board 01A-D1 









Check C 


ontinuity 




Sense 


From 


To 


BitO 


L4D06 


L4D07 


1 


L3D10 


L3D12 


2 


J3D06 


J3D07 


3 


L4D10 


L4D12 


P 


L3D06 


L3D07 


Inhibit 


From 


To 





L4B08 


L4D11 


1 


L3B03 


L3D04 


2 


J3B08 


J3D11 


3 


L4B03 


L4D04 


P 


L3B08 


L3D11 



With Program Not 

Running, Monitor 

the DC Levels 

on the X and Y 

Lines. Change 

the Driver/Gate 

Card Associated 

with the Line 

that is Not at 

Normal Level 



Driver or Gate With 

an Open Input Diode 

on One of the SP 

Address Bit Inputs 



Yes Yes 



X DIM 96 Errors 



Y DIM 



64 or 128 
Errors 




Change Timing Card 
01A-D1K6 



Determine Error Rate 

and Distribution from 

Error Printout 



Change Timing Card 

01A-D1K6 or Scope 

Clock Lines and 

Gate Control 



See R/W Driver or 
Gate Fault Chart 




LV011 



LU211 
LU511 



01A-D1K6 

or 
01A-D1L6 



» LV081 



> LV041 




X 

DIM 



Y 
DIM 



1 in 16 Addresses 
Produce Errors 



1 2 Errors 



1 6 Consecutive 
Errors 



1 6 Errors 



X 

DIM 



Y 
DIM 



1 in 4 Addresses 
Produce Errors 



48 Errors 



16 Consecutive 
Error in 64 Addr 



48 Errors 



Open Array Line 



LV021 



Scope +6 Volt Supply 
with Current Probe 



Check at Gate A 
Terminal or at Card 
End of Laminar Bus 



Open Array 
Line Diode 



Open Read/Write 
Gate or Driver 



Change Array Card 



LU211 
LU511 



LV051 



FIGURE 913. STORAGE PROTECT MAP 



C Press SystemN 
Reset J 




Refer to Machiru 
Status Charts 



Run Address Diagnostics: 

1 . Disable interval timer 

2. Set diagnostic control switch to MS 
ADDRESS 

3. Set rate switch to PROCESS 

4. Set check control switch to STOP 

5. Press SYSTEM RESET 

6. Press START 




Examine Error 
Data in D 
Register 




Return to Customer to 
Run System in Stop 
Mode. 
Stand By 



Drops One Bit 



See Segment 
Chart and deter- 
mine number of 
segments affected 



See Sense Amp and 
Inhibit Driver 
Fault Chart 




S, 



Pick One Bit 



See Segment 
Chart and deter- 
mine number of 
segments affected 



Multiple Failures 



Diagnose each 
segment separately 




Pick Some Bits 
(Always Same Bits) 



multiple one-bit 
fai lures or Z 



Choose a failing 
bit and try to 
isolate trouble 



Picks All Bits 



See Segment 
Chart and deter- 
mine number of 
segments affected 



See Final Amp 
Fault Chart and 
change card 
associated with 
following bit 



Change card at 
03B1F6, 
Data - Out 
Power Card 



Change card at 
03B1E6, 
Data - In 
Power Card 



See SA/Z Fault 
Chart and change 



s.: 



associated 
with working 
segment 



See SA/Z Fault 
Chart and change 
failing bit card 



Multiple Failures 



Diagnose each 
segment separately 




4 




Timing Pulse 



^ 



X or Y drive 
current not 
sufficient 



Read or Write 
Gate always 



Examine circuits 
associated with 
addresses not 
failing 



Incorrect Address 
and Data Compare 



Run Main Storage 
Pattern Test 




Change cards at 

03BlD6and 

03B1B6 



Check individual 
segment Inhibit 
Timing Pulse 



^ 



One X or Y 
Gate Driver 



See Gate 
Card Locator 



write current in 
one dimension 



See Note 2 to 
determine failing 
circuit; store 
and display 
main storage 



Change Gate 
Decode Card: 
X = 03B1M4 
Y=03B1M6 



Check input 
diodes associated 
with address input 
to gate cards 



,LDs| X = MB 101 -251 
= MB261-411 



1/2 Byte Blank 
(0-3; 4-7; 12-15; 
or9, n, 16, 17) 



Strobe Driver 
Output Missing 



Byte 




Change Strobe 
Driver Card 
03B1J4 



Change Strobe 
Driver Card 
03B1C2 



Check Strobe 



~5 




X/V Read/Write 
Terminator 
Gate Card 
03B1M2 



Check diodes 
inXA 
terminator 
circuit on 
paddle card 
03C1H2 



Change Main 
Storage Timing 
Card 03A1H6 



Check Main 
Storage 
Timing Strobe 



6 



Using ohmmeter, preset 
replacement card pots to 
approximate readings of 
card removed. Make final 
adjustment with scope 



Final Amplifier Fault Chart 



Data 
Bits 


Card 


0-8 


01A-B1J4 


9-17 


01A-B1C2 



Main Storage 
Address Bits 



Segment for which the 
inhibit drivers are allowed 
to be activated 



Array 1 



Sense Amp and Inhibit Driver Fault Charts (Refer to ALD's MF010-MF060) 



Data Bits 




Array 1 


■ Segments 




A 


B 


C 


D 


0, 1, 2, 3 


B1L2 


B1L4 


B1K2 


B1K4 


4, 5, 6, 7 


B1J2 


B1H4 


B1H2 


B1G4 


8, 9, 10, 11 


B1G2 


B1F4 


B1F2 


B1E4 


12^13, 14, 15 


B1E2 


B1D4 


B1D2 


B1C4 


16, 17 


B1B2 


B1B4 


A1M2 


A1M4 



Driver Card Locator 



Gate Card Locator 



X and Y Drivers 0-3 = B1N4 
X and Y Drivers 4-7 = Bl N6 



X Gate 


Y Gate 


SAB Bits 


Read 


Write 


SAB Bits 


Read 


Write 


14 





13 


7 








D1C6 


D1C2 








D1F2 


D1G2 


1 





D1B6 


D1B2 


1 





D1E2 


D1D2 





1 


D1H6 


D1H2 





1 


D1F6 


D1G6 


1 


1 


D1J6 


D1J2 


1 


1 


D1E6 


D1D6 



Notes: 

1 . Refer to maintenance manual section on internal storage diagnostics. 

2. Alter A register bits to determine failing driver or gate. For example, 
alter address 01A2 to 81A2 to check one x-drive bit. 

1 A 2 

jo ojo 1 jl 1 jo 1 oj 



-*- X Drive ■<— 



3. All card references are to frame 03. 



FIGURE 914. MAIN STORAGE (64K) 



Multiplex 
Channel Check 



Refer to IF and 

Channel Displays 

(Log Outs and Console) 



IF Parity Check with 
Channel Control Check 



1 


Data Service: 




ADR-0 or CMD 


-0 


or SVC-0 




Just Given 





IF Parity 
Check Alone 



Initial Selection: 

ADR-0 or 

CMD-0 

Just Given 



Refer to CAS 

Determined by 

ROBAR 



Data Path from 
Reg C2 to Mpx 
Interface Reg 
Failing. Loop 
Program and 
Scope Path 



IF Parity Check with 
IF Control Check 



IF Parity Check 
IF Control Check 
Chan Ctrl Check 



IF Control 
Check Alone 



IF Control Check 
with Channel 
Control Check 



Channel Control 
Check Alone 



IF Tag Check and 
IF Control Check and 
Chan Control Check 



Fault Occurred 
During Data Service 



Take Note of: 
1 . Tags Present 
2. ROBAR 



IF Tag Check with 
IF Control Check 



Error Occurred c 
Data Service 



CPU Check During 
Channel Micro-program 



Refer to ECADS, 

ALD's use Console 

Chan Test Sw 



Error Occurred on 
Data Service 



Use ROBAR to Find 

CAS Location 
Check Flow Chart 
and Timing Chart 



Determine Tags in 
Error. Refer to CAS 
According to ROBAR 



Invalid Status or 
Address on Bus In 
ADR-I or STA-I 
must be Present 



Address Mismatch 



Determine Expected 

Byte (Address or Status) 

on Bus In 



Check Unit Address 

in LS 48 or Program 

Documentation 



Compare 



C 



Address Sent is 
Supposedly Valid 



No Reply During 
Command Chaining 



Note that Y6 
Command Cha 



D 



Cl = Address 

Sent 
Bl = Address 

Received 



ISA 



Tag Failure 
(Time Out) 



Wrong Address in 
A Register 



I/O Failure of 
Bus Out Decode 



Q 



Address Compare Failui 



Selected I/O Fails at 

Bus In or Another 

Device also 

Replied to Selection 



\ Checks 
\ Present 
Decision \ 
Entry \ 


IF 

Tag 
Check 


IF 

Control 
Check 


IF 

Parity 
Check 


Channel 
Control 
Check 


Description of Faults 


O 






X 


X 


Parity Check on Mpx IF 
Register after ADR-O, CMD-O, 
or SVC-O During Data Service 


© 






X 




Parity Check on Mpx IF 
Register after ADR-O or 
CMD-O During Initial Selection 


© 




X 


X 




Parity Check on Bus In 
Caused by ADR-I or STA-I 
During Initial Selection 







X 


X 


X 


Parity Check on Bus In 
Caused by ADR-I or STA-I 
During Data Service 







X 






ICC Latch Set by Micro- 
program During Data Service 


© 




X 




X 


ICC Latch Set by Micro- 
program During Data Service 











X 


CPU Check During Data Service 


© 


X 


X 




X 


Multiple Tags or Tag Sequence 
Error During Data Service 





X 


X 






Multiple Tags or Tag Sequence 
Error During Initial Selection 



Take Addressed I/O 
Off-line and try to 
Select it. Address 
of Failing I/O will 
Appear in Bl 



Take Failing I/O 
Off-line and Refer t< 
I/O Documentation 



Determine Source of 
Error Data 



Use ROBAR and 

CAS to Determine 

Failing Loop 





Service In or 
Data Rate Failun 



Test Device Off-line 
Scope Tag Sequence 

and Delays. Refer to 
I/O Documentation 



Take Failing I/O 

Off-line and Refer to 

I/O Documentation 




Suspect Cables, 
Connectors, Terminators 





Suspect: 

1 . Tag Sequence Checks 

2. IF Tag Check Circuits 

3. Intermittent Error 
Refer to ECADS Perform 

IPL Check Restart and 
Loop on ROS 




Use ROBAR to 

Determine from 

Micro- program 

Which Tag Should 

Have Been Raised 



Use UCW Contents and 

Byte Count to 

Determine Failing Tag 

SVC- 1 or 

STA-I 



Depending on Device 
use IPL Check Restart 
(Change Device Address 
after ROS Stop for 
Punch, 1052, etc). 
Scope Select Sync with 
ROS Address Compare 



Take I/O or 
CU Off-line 



Log Out 



C 



For Scoping 
Purposes 



Use CE Panel to 
Reproduce Error 



Another I/O may be 
Cause. Run Program 
with Stop on Error 



T 



Wrong Tag 
is Reset 
in CPU 



Hardstop 



Another Unit 

Raises Extra Tag. 

Find Wrong 

Unit by using 

On/Off-line Sw 



Wrong Tag Raised 
by Selected Unit 




No Unit Found Suspect: 
1 . IF Tag Latch Circuit 
2. Cables, Connectors or Noise Terminators 



Use ROBAR to 

Determine from 

Micro- program 

Which Tag Should 

Have Been Raised 



Multiple Error 




Perform IPL Check 

Restart. Scope Select. 

Sync with ROS 

Addr Compare 



/Address In is Valid 



Use Channel 
Test Switch to 
Eliminate CPU 



In Tag Excess I Out Tag Exce: 



Use Channel Test 
Switch on Console 



Refer to CE 
Panel and Unit 
Documentation 



Can be Caused by: 

1 . Failure to Reset First Tag Raised 

2. Wrong Micro-program operation 

which Gives 2 Out Tags without 

waiting for In Tags 



FIGURE 915. MULTIPLEX CHANNEL MAP 



Selector Channel Error 




If Read Backward Add 
2 to Residual Count. 
If Not Subtract 2 



You Have Now 

Calculated the Value 

of the Residual Count 

Which Should Appear 

In TO and Tl 



Determine What Data 
Should be by Com- 
paring to Main 
Storage Data Location 
Indicated by the 
S Register 



Determine what data should 
be by examining contents of 
storage location indicated in 
S register (in decimal). Use 
1 41 0/1 401 conversion charts 
or put CPU into hardstop 
condition and force ROAR 
bit 12 on; this activates address 
translator. Use decimal 
1 41 0/1 401 addresses to 
Display storage 



FIGURE 916. SELECTOR CHANNEL 



V Power On J 



No Power-On 
Light 



Activate Lamp Test 
Switch and Replace 
Burned Out Lamps 



Overload 









Check 




1. PSl-9CBs 




2. CB2-5 




Tripped 




3. Pick Circuit 




for K15 






Thermal 



Neither 



Press Power - 
On Pushbutton 
and Hold 



Some 



Check 
Power Supply 
Associated With 
Non-Picking 
Relay 





No 



■"(Thermal Failed 
to Indicate) 



Check 
Undervolrage on 
PS3 and Pick 
Circuit of K16 



Check 
K12,K16,K31, 
K32,K33 Points 



Check 
Kll Points 





Check 
Indicated 
area for 
overheat 
Fans 

3. Filters 

4. Thermal 
Switches 



No 



Check 
K8 Points 



Yes 



Check 
Stepping Switch 
LMT and INT 
Switch Points 















Check 




1. 


EPO Switch 




2. 


CB1 Tripped 




3. 


Fuses Fl and 
F2. 




4. 


J3 EPO 
Jumper 




5. 


Check Wall 
Panel Breakers 



Check 
Power Off Switch 

and 
Power On Switch 



No 



Check 
I/O Stepping 
Switch Contacts, 
Position 25 



Check 

1 . K9 N/O Points 

2. K15 N/O Points 

3. K20 N/O Points 



Check 
K3 to K7 
N/O Points 



Replace Burned 
Out Thermal 
Indicator 



1. 



Determine from Index 
Where Stepping Switch 
Stopped . 

Check 

Power to CU in 

that Position 

EPO Cable or 

Jumper 

K21 ,K23,K25,K27 

Points (Relay 

Chart) 

Stepping Switch 

Contacts in that 

Position 



Check 

1. K30,K34 
Points 

2. PS7 




Yes 



Check 

K12, K17 

Points 




Power On 

Lamp 

Failure 



Yes 



Check 
K13 Points in 
K12 Pick 
Circuit 



• Any Power Supply, 
Which Drops Voltage 

I After Power On, 
| Causes System to 

• Power Down 



Relay Chart 



Check 
K19,K16,K15, 
K20 Points 



Switch 
Position 


EPO 
Relay 


Power Sequence 
Relay 


4-9 


K27 


K22 


10-15 


K25 


K24 


16-21 


K23 


K26 


22-27 


K21 


K28 



FIGURE 917 MID - PAC POWER SUPPLY 



Power On Button 
Not Lit 




-^<0/L Light On^- N ° 




Indicated Supply 
Module Has O/V 
Condition on 
Output 



Check: 
Module 
O/V Unit 
Distribution 
Loads 



Check Operation 
of R20 



Check Indicated 
Supply Module 
O/CCard. 
(Overcurrent is 
Approx. 25% 
Max. Rating) 



Zero Ohms„ 



Use Ohmeter 



Test 

Jotal Load Resis> 

. tance 



Low Res. 



Logically 
Disconnect 
Branches at Ter- 
minal boards and 
test to isolate 
Section 
e.g. Power 

Module? 
TROS or 
MECCA? 
Gate 'A' or 
Gate 'B'? 



If on Gate: 
Isolate at Laminar 
Bus to Locate 
Board 



Isolate Card on 
Board by Pro- 
gressive Removal 
of Cards 



Use of Ohmeter 
Less Helpful 



Detailed Exam- 
nation of Load 
Ci rcuits 



Progressive Re- 
Moval of Cards 
In Suspect Area 



Y ^ console ^^ N 
^Thermal Light 7 s 




ki ^ Check -^ v 
J ^<24v. Supply > XSL - 



Check Mains 
Supply, Main 
Contact Breakei 
Fuses FT, F2. 



Hold In 'Power- 
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FIGURE 6314. 1410 E SET/CLEAR WM AND CLEAR STORAGE 



Note: Clearing storage across the 00000 storage boundary results 
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